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“Once iri a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 

\ the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 pm in 
diameter, form in abundance—an exceedingly rare event: 


1987 Warner-Lambert Company PARKE-DA 





As rare as a seizure on Dilantin’ 


(phenytoin) 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way.? 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ug/mL),? often with 
once-daily therapy (Dilantin Kapseals’), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


ilantin 
(phenytoin) 
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DILANTIN® (Extended Phenytoin Sodium Capsules, USP) KAPSEALS” 
DILANTIN® (Phenytoin Sodium Injection, USP) PARENTERAL 


Before prescribing, please see full prescribing information. A Brief Summary follows. 
IMPORTANT NOTE 


This drug must be administered slowly. In adults do not exceed 50 mg per minute intravenously. 
in neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 





INDICATIONS AND USAGE: Parenteral: Parenteral Dilantin is indicated for the control of status epilepticus of the 
grand mal type, and prevention and treatment of seizures occurring during neurosurgery. 

Oral: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) and complex partial 
(psychomotor, temporal lobe) seizures and prevention and treatment of seizures occurring during or following 
neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage and 
Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

Parenteral: Because of its effect on ventricular automaticity, phenytoin is contraindicated in sinus bradycardia, 
sino-atrial block, second and third degree A-V block, and patients with Adams-Stokes syndrome. 
WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per minute in adults. 
In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular conduction depression 
and ventricular fibrillation. Severe complications are most commonly encountered in elderly or gravely ill patients. 
Phenytoin should be used with caution in patients with hypotension and severe myocardial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous route. 

The intramuscular route is not recommended for the treatment of status epilepticus since blood levels of 
phenytoin in the therapeutic range cannot be readily achieved with doses and methods of administration ordinarily 
employed. 

Oral: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. When, in the 
judgment of the clinician, the need for dosage reduction, discontinuation, or substitution of alternative antiepileptic 
medication arises, this should be done gradually. However, in the event of an allergic or hypersensitivity reaction, 
rapid substitution of alternative therapy may be necessary. In this case, alternative therapy should be an 
antiepileptic drug not belonging to the hydantoin chemical class. 

Parenteral and Oral: There have been a number of reports suggesting a relationship between phenytoin and 
the development of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, 
pseudolymphoma, lymphoma, and Hodgkin's Disease. Although 
a cause and effect relationship has not been established, the 
occurrence of lymphadenopathy indicates the need to 
differentiate such a condition from other types of lymph node 
pathology. Lymph node involvement may occur with or without 
symptoms and signs resembling serum sickness eg, fever, rash 
and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an 
extended period is indicated and every effort should be made to 
achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum 
levels while chronic alcoholic use may decrease serum levels. 
Usage in Pregnancy: Parenteral and Oral: A number of reports 
Suggests an association between the use of antiepileptic drugs by women with epilepsy and a higher incidence 
of birth defects in children born to these women. Data are more extensive with respect to phenytoin and 
phenobarbital, but these are also the most commonly prescribed antiepileptic drugs; less systematic or anecdotal 
reports suggest a possible similar association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women cannot be 
regarded as adequate to prove a definite cause and effect relationship. There are intrinsic methodologic problems 
in obtaining adequate data on drug teratogenicity in humans; genetic factors or the epileptic condition itself may be 
more important than drug therapy in leading to birth defects. The great majority of mothers on antiepileptic medication 
deliver normal infants. It is important to note that antiepileptic drugs should not be discontinued in patients in whom 
the drug is administered to prevent major seizures, because of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or fetus. The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate and heart mal- 
formations in children of women receiving phenytoin and other antiepileptic drugs, there have more recently been 
reports of a fetal hydantoin syndrome. This consists of prenatal growth deficiency, microcephaly and mental deficiency 
in children born to mothers who have received phenytoin, barbiturates, alcohol, or trimethadione. However, these 
features are all interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers received 
phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because of altered 
phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is particularly valuable 
in the management of a pregnant epileptic patient as a guide to an appropriate adjustment of dosage. However, 
postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic mothers 
receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct this defect and has 
been recommended to be given to the mother before delivery and to the neonate after birth. 

PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infusion is not recommended 
due to lack of solubility and resultant precipitation. 

Parenteral Dilantin should be injected slowly (not exceeding 50 mg per minute in adults), directly into a large 
vein through a large-gauge needle or intravenous catheter. Each injection of intravenous Dilantin should be followed 
by an injection of sterile saline through the same needle or intravenous catheter to avoid local venous irritation 
due to the alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without extravasation of 
intravenous phenytoin. Soft tissue irritation may vary from slight tenderness to extensive necrosis, sloughing, 
and in rare instances has led to amputation. Improper administration including subcutaneous or perivascular 
injection should be avoided to help prevent possibility of the above. 

Oral: Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin'’s 
interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the chief site of biotransformation of phenytoin; patients with impaired liver 
function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin have been shown to metabolize the 
drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it appears to be 
genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens-Johnson 
syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed and alternative 
therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type (measles-like or 
scarlatiniform), therapy may be resumed after the rash has completely disappeared. If the rash recurs upon 
reinstitution of therapy, further phenytoin medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. Phenytoin 
may also raise the serum glucose level in diabetic patients. 


Dilantin 
phenytoin 


Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate diagnostic 
procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence (petit mal) 
seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred to as 
‘delirium,’ “psychosis,” or “encephalopathy; or rarely irreversible cerebellar dysfunction. Accordingly, at the first 
sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy is indicated if plasma 
levels are excessive; if symptoms persist, termination is recommended. (See Warnings) 

Information for Patients: Oral: Patients taking phenytoin should be advised of the importance of adhering strictly 
to the prescribed dosage regimen, and of informing the physician of any clinical condition in which it is not possible 
to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking the 
physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development of gingival 
hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Parenteral and Oral: Phenytoin serum level determinations may be necessary to achieve oin 
dosage adjustments. 

Drug Interactions: Parenteral and Oral: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed below: 1. Drugs which 
may increase phenytoin serum levels include: chloramphenicol, dicumarol, disulfiram, tolbutamide, isoniazid, 
phenylbutazone, acute alcohol intake, salicylates, chlordiazepoxide, phenothiazines, diazepam, estrogens, 
ethosuximide, halothane, methylphenidate, sulfonamides, cimetidine, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, reserpine. 
Moban® brand of Molindone Hydrochloride contains calcium ions which interfere with the absorption of phenytoin. 
Ingestion times of phenytoin and antacid preparations containing calcium should be staggered in patients with 
low serum phenytoin levels to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, valproic acid, 
and sodium valproate. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium valproate 
serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible patients 
and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, oral 
contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, estrogens, furosemide. 

Serum level determinations are especially helpful when possible drug interactions are suspected. 
Drug/Laboratory Test Interactions: Parenteral and Oral: 
Phenytoin may cause decreased serum levels of protein-bou 
iodine (PBI). It may also produce lower than normal values fo 
dexamethasone or metyrapone tests. Phenytoin may cau 
increased serum levels of glucose, alkaline phosphatase, and 
gamma glutamy! transpeptidase (GGT). 

Carcinogenesis: Parenteral and Oral: See ‘Warnings’ section 
information on carcinogenesis. 

Pregnancy: Parenteral and Oral: See Warnings 

Nursing Mothers: Parenteral and Oral: Infant breast-feeding i 
not recommended for women taking this drug because phenyt 
oin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Parenteral: The most notable signs o 
toxicity associated with the intravenous use of this drug are cardiovascular collapse and/or central nervous syste 
depression. Hypotension does occur when the drug is administered rapidly by the intravenous route. The ra 
of administration is very important; it should not exceed 50 mg per minute in adults, and 1-3 mg/kg/min in 
neonates. At this rate, toxicity should be minimized. 

Cardiovascular: Parenteral: Severe cardiotoxic reactions and fatalities have been reported with atrial and 


ventricular conduction depression and ventricular fibrillation. Severe complications are most commonly 


encountered in elderly or gravely ill patients. 

Injection Site: Parenteral: Local irritation, inflammation, tenderness, necrosis, and sloughing have been reported 
with or without extravasation of intravenous phenytoin. 

Central Nervous System: Parenteral and Oral: The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nystagmus, ataxia, slurred speech, 


decreased coordination and mental confusion. Dizziness, insomnia, transient nervousness, motor twitchings, — 


and headaches have also been observed. There have also been rare reports of phenytoin induced dyskinesias, 
including chorea, dystonia, tremor and asterixis, similar to those induced by phenothiazine and other neuroleptic 
drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long-term 
phenytoin therapy. 

Gastrointestinal System: Parenteral and Oral: Nausea, vomiting, and constipation. 

Integumentary System: Parenteral and Oral: Dermatological manifestations sometimes accompanied by fever 
have included scarlatiniform or morbilliform rashes. A morbilliform rash (measies-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included bullous, 
exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis (see Precautions). 

Hemopoietic System: Parenteral and Oral: Hemopoietic complications, some fatal, have occasionally been 
reported in association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid therapy. 
Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's 
Disease have been reported (see Warnings). 

Connective Tissue System: Parenteral and Oral: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Other: Parenteral and Oral: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur. 

OVERDOSAGE: Parenteral and Oral: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypertensive. Death 
is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity may 
occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, dysarthria and lethargy 
appear when the plasma concentration is over 40 mcg/mL, but as high a concentration as 50 mcg/mL has been 
reported without evidence of toxicity. As much as 25 times the therapeutic dose has been taken to result in a serum 
concentration over 100 mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely bound to 
plasma proteins. Total exchange transfusion has been used in the treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne in mind. 
Caution — Federal law prohibits dispensing without prescription. 
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Consider how many patients you refer for 
vascular diagnosis. How many patients 
you risk losing. 


There’s an alternative. Unlike referral, it 
doesn’t delay diagnosis, nor jeopardize 
your continued management of a 


„patient. 


it’s Biosound. Neurologists across 
the country have relied on Biosound 
ultrasound for over 10 years. Here’s why. 


{n-Office Cerebrovascular Evaluation. 
The close relationship between 
extracranial carotid disease and cerebral 
ischemic events is well-documented. With 
Biosound equipment, our customers have 


expanded the scope of their practice by. . . 


> Diagnosing carotid artery disease 


Differentiating soft from 
calcified plaque 


$ Evaluating hemodynamically 
~ significant lesions 


Identifying the cause of vertebrobasilar 
insufficiency 


And they determine the course of 
treatment, and chart its effectiveness with 
serial follow-up studies. 


Transcranial Doppler (TCD). Until TCD, 
the cerebral arteries had eluded all 
noninvasive means of examination. Now 


“TCD permits noninvasive, quantitative 


assessment of intracerebral arterial flow, 
and offers valuable clinical contributions, 
including .. . 


- Monitor vasospasm following 
subarachnoid hemorrhage 


> Determine collateral capacity in ECA/ 
ICA bypass candidates 


> Identify AVM feeder arteries 
> Assess the degree of cerebral ischemia 
» Locate siphon lesions 

Both the Phase 2 and Genesis II duplex 


systems from Biosound offer 2MHz pulsed 
TCD with measurement and analysis 


support software. Biosound’s TCD 
technology will not only assist in 
diagnostic and surgical decisions, but it 
will also be an important aid during 
surgery and in surgical and therapeutic 
follow-up. 


Ultrasound and You. Considering adding 
ultrasound to your practice? Think 
Biosound. Only we provide advanced 
annular phased array imaging technology 
plus integrated TCD, with... 


> A choice. Why settle for a stand-alone 
TCD device that can’t begin to address the 
original issues of diagnostic timeliness 
and patient management? Biosound offers 
two full-feature duplex systems, both with 
TCD. 


> CME-accredited education. Our 
comprehensive programs in vascular 
scanning and interpretation and TCD 
ensure that you and your technologists 
receive the training needed to get you 
started and keep you up-to-date. 


> Financial alternatives. If leasing 
best-suits your financial requirements, 
your Biosound representative can provide 
a customized pay-back analysis at your 
request. 


Contact Biosound today to receive your 
complimentary TCD bibliography and 
additional information on how we can 
help you expand your practice, not 
someone else’s. 


6405 Castleway Court 
P.O. Box 50858 
Indianapolis, Indiana 46250-0858 
800/428-4374 e 317/849-1793 


a 

Transcranial Doppler - Noninvasive, 
quantitative assessment of intracerebral 
arterial flow. 


Biosound’s Phase 2 - The highest resolution 
vascular imager in the world with an 
impressive list of industry firsts. 


Biosound’s Genesis II - Advanced annular 
array technology and full duplex 
capabilities in a portable, cost-effective 


package. 
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@ Highly Effective: 


Aborts migraines before they start 
Stops migraines in progress 
Se Reliable and Predictable 


The choice from the start 


*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 


A © SANDOZPHARMACEUT! CALS C-CAF-0689-01 


rn NJ 07936 (201) 503-7500 © 1989 Sandoz Phar maceuticals Corporation 


CAFERGOT” 


(ergotamine tartrate and caffeine) tablets, USP 
(ergotamine tartrate and caffeine) suppositories, USP 


CAFERGOT” P-B 


TABLETS AND SUPPOSITORIES 


DESCRIPTION 

CAFERGOT® — 

Tabiet: 

ON A ais SUS EAE AT T A ENE E E bus Bacoccdcaiesie, nk 1 mg 
ME E S OEE T ETE E E O EV i 100 mg 


benzoate, sorbitol, Starch, stearic acid, sucrose, synthetic black ferric oxide, synthetic red ferric oxide, 
synthetic yellow ferric oxide, talc, tartaric acid and titanium dioxide. 


Suppository: 

NIE Hi sn 0s Spada PE cy coSav ed bay acivntigdlin tv nee Logobies iaccalh 2mg 

eee SME Behnke Ncin de winks. ons h-Jo ss eg ans pidsepa cise’. ee, ee 100 mg 
Inactive Ingredients: tartaric acid, NF. and cocoa butter, NF. 

CAFERGOT® P-B — 

Tablet: 

NEO Shee M AE T TETE EE S Ye ay ;¥lhiin Wedve bowcwacd cde ct, kt 1 mg 

SETAE LIES Sk ra E5AN SiN oxo A sso lgiesivectFied.csicie aa 100 mg 

Bellafoline® (levorotator renee ae OMB oi. sh duis E eck catond cach Seman een 0.125 mg 

RM T heiks. wis E E S ten ne 30 mg 


Warning: May be habit forming. 


FD&C Yellow #6 (Sunset Yellow), lactose, malic acid, mixed parabens, povidone, sodium benzoate, starch, 
Slearic acid, sucrose, talc, tartaric acid and titanium dioxide. 


Suppository: 

NO 8 25 SEE Hy F e vas 1160: dursnes,cn can E E fic uate 2 mg 

a E E E A E T ee 100 mg 

Bellafoline® Povototalory a TOD ino. Shas» E AE E EE 0.25 mg 

SPENCE EA PE E EE T N ved S A ee a 60 mg 
arning: May be habit forming. 


Cafergot Suppositories and Cafergot P-B Suppositories are sealed in foil to afford protection from cocoa 
butter leakage. If an unavoidable period of exposure to heat softens the suppository, it should be chilled 
in ice-cold water to solidify it before removing the foil. 


ACTIONS: Ergotamine is an alpha adrenergic blocking agent with a direct Stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and produces depression of central vasomotor centers. 
The compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
the adrenergic blocking actions are less pronounced and vasoconstrictive actions are greater. 

Caffeine, also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
the necessity of increasing ergotamine dosage. 

For individuals experiencing excessive nausea and vomiting during migraine attacks the further addition 
of the anticholinergic and antiemetic alkaloids of belladonna and pentobarbital for reduction of nervous 
tension has been provided. 

Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication. In such cases, therefore, the only practical means of medication 
is through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 
vasculature and the liver. 


INDICATIONS 
Catergot 

Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so- 
called “histaminic cephalalgia”. 
Catergot P-B 

_Indicated as therapy to abort or prevent vascular headache complicated by tension and gastrointestinal 
disturbances. 


CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy. 
Hypersensitivity to any of the components 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of the ag o rectally administered drugs, care should be exercised to remain within the limits of 
recommended age. 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripneral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. 
In chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
oe pallor of the digits may occur. If the condition is allowed to progress untreated, gangrene 
can result. 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent rypersonaitivity There are tew reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
Symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot® (ergotamine 
tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 

pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 

eat Although these effects occur most commonly with long-term therapy at relatively high doses, they 
ave also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 

or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness may occur with Cafergot® P-B. 

DOSAGE AND ADMINISTRATION 

Procedure: For the best results, dosage should start at the first sign of an attack— 


PRODROMAL PHASE| PAIN PHASE 


2 tablets at start of attack; | additional tablet 
every ‘4 hour, if needed for full relief 


“Bh 3 
p 3 F i 
| suppository at start of attack; second sup- 
pository after | hour, if needed for full relief 


Vy 


Early Administration Gives Maximum Effectiveness 








ORALLY 


— OR 







RECTALLY 





MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectally: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot (ergotaming tartrate and -caffeine) 
are due primarily to the ergotamine component. The amount of ca eine is such that its toxic effects will 
be overshadowed by those of ergotamine. ymptoms include vomiting, numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent ripheral pulses; hypertension or hypotension; 
drowsiness, stupor, coma, convulsions and shock. A case as been reported of reversible bilateral Papillitis 
ort ring scotomata in a patient who received five times the recommended daily adult dose over a period 
of 14 days. 

Treatment consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate pulmonary ventilation, correction of h potension, and control of convulsions are 
important considerations. Treatment of peripheral vasospasm should consist of warmth, but not heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but Caution must be exercised 
to avoid aggravating an already existent hypotension. 


HOW SUPPLIED 

eg Tablets: shell pink colored, sugar coated, imprinted “CAFERGOT” on one side, " Â. other 
side. Bottles of 250 and cartons of three igPak® (dispensing unit) packages, each containing 30 tablets 
in individual blisters. 

Catergot Suppositories: sealed in fuchsia-colored aluminum foil, imprinted " SS. cAFERGOT# 
SUPPOSITORY 78-33 SANDOZ”. Boxes of 12. 

Ca t P-B Tablets: bright green, sugar coated, imprinted "78-36" on one side, ” Â " other side. Bottles 
of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets in individual 
blisters. 

Cafergot P-B Su itories: sealed in blue aluminum foil, imprinted " ©, CAFERGOT P-B SUPPOSITORY 
78-35 SANDOZ". Boxes of 12. 
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NEUROTRAUMA RESEARCH 
LABORATORY DIRECTOR SOUGHT 


The Department of Neurological Surgery at the University of 
California San Francisco and the Neurosurgery Service at the 
San Francisco General Hospital are seeking a qualified candi- 
date to direct research efforts at the Laboratory for Neural In- 
jury at the SFGH. Current and recent research have examined 
models of traumatic brain injury and focal cerebral ischemia 
and their treatment. Future investigations will include exam- 
ination of mechanisms of progressive cellular injury, in vivo 
and in vitro, and evaluate possible methods of cell protection. 
The candidate should have a background in basic and/or ap- 
plied research in brain injury and be prepared to conduct in- 
dependent research as well as direct the research efforts of 
a variety of medical students and neurosurgical residents and 
fellows in this area. Existing grant support would be helpful but 
not essential for the position, but it is anticipated that the di- 
rector will secure extramural support within several years. In- 
terested applicants should send a curriculum vitae to: 






Lawrence H. Pitts MD, 

Department of Neurological Surgery, 
UCSF 

San Francisco, CA 94143-0112 







UCSF is an equal opportunity employer. Women and minori- 
ties are encouraged to apply. 












AIA) Michael Reese Health Plan 


The Michael Reese Health Plan, a large 
well-established HMO serving its members in 
20 Health Centers throughout the Chicago 
Metro area, is seeking additional Board Certi- 
fied/Eligible physicians in the following 
specialty: 


Neurology 


Physicians with the Health Plan enjoy a full 
practice with modern facilities and equipment 
as well as opportunities for teaching. 


A highly-competitive salary and excellent 
benefits complement a rewarding practice and 
lifestyle. 


Interested applicants should address inquiries to: 


Scott P. Smith, M.D. 
MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 


or call (312) 808-4551 





an equal opportunity employer m/f/h 
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Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt, MD, PhD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
are received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the ARCHIVES and 
may not be published elsewhere without permission from the 
publisher (AMA). 

In addition, in view of The Copyright Revision Act of 1976, effective 
Jan 1, 1978, transmittal letters to the editor should contain the following 
language: “In consideration of the American Medical Association’s tak- 
ing action in reviewing and editing my submission, the author(s) under- 
signed hereby transfers, assigns, or otherwise conveys all copyright own- 
ership to the AMA in the event that such work is published by the AMA.” 
We regret that transmittal letters not containing the foregoing language 
signed by all authors of the submission will necessitate delay in review of 
the manuscript. 

Author Responsibility.—All accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than galley proofs for approval. The author is responsible for all 
statements in his work, including changes made by the copy 
editor. 

Designate one author as correspondent and provide his address 
and telephone number. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to which 
requests for reprints should be sent. 

Manuscript Preparation.—Submit three high-quality copies of 
the entire manuscript. The copies will not be returned. The 
authors should keep the original manuscript for submission if 
accepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 X 27.9-cm 
8% X 11-in), heavy-duty white bond paper. Ample margins of at 
least 2.5 cm (1 in) should be provided. If a word processor is used, do 
not justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles. —Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 

Style of Writing.—The style of writing should conform to ac- 
ceptable English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.—Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 

Abstract. —Provide an abstract (135-word maximum) of the 
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results, and conclusions. The abstract replaces the summary. 
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abbreviated in Index Medicus), (4) year, (5) volume number, and 
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any), (4) title of book, (5) city of publication, (6) publisher, and (7) 
year. Volume and edition numbers, specific pages, and name of 
translator should be included when appropriate. The author is 
responsible for the accuracy and completeness of the references 
and for their correct text citation. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES.) 

Illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
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accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 


Legends.—Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 


Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 
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Tables.—Each table should be typed double-spaced, including all 
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O/ORP 700) (Separate Hands 
mposium for Neurosurgeons, Orthopaedic Surgeons, 


September 6-7-8, 1989 


Bioceramics, and Bioplastics”’ 
-On Workshops) 


and Operating Room Personnel 


co-sponsored by the 


WEST VIRGINIA UNIVERSITY SCHOOL OF MEDICINE 


Department of Neurosurgery and 
Department of gr ea Surgery 


an 
ALLEGHENY GENERAL HOSPITAL 
Department of Neurosurgery and 
Department of Orthopaedics 


(Plastic, ENT, Craniofacial and Maxilofacial surgeons 
may attend the neurosurgical conference) 


Course Directors: 
Howard H. Kaufman, M.D. 
Philip J. Mayer, M.D. 
Gerald W. Pifer, M.D. 
Jack E. Wilberger, M.D. 
Susan Mitchell, Ed.D. 
Jane Mitchell, Ph.D. 


with 
MIDAS REX® INSTITUTE 
SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An Intensive CREDITS: CME Credit Available. 
are POOL. aRelete honest! COURSE LOCATION AND ACCOMMODATION: Hyatt Pitts- 


series of hands-on exerci 

bones, skeletal bones, etc.: burgh, 112 Washington Place, Pittsburgh, PA 15219. 
Ortho aedic Surgeons— dissection n shag bones, nine Phone: 412-471-1234. 

bones, spines, joint replacement, rev sion surgery, meth- ENROLLMENT: Fee (US$): S 'R 
ylmethacrylate, polyethylene, and biometals, including (with letter from atipa bat ead}, All Operating Room Per 
broken stem extraction. Sonne! (RN/CST/PA/Other) $250.00. Make chank to “Pittsburgh 
Neurosurgeons—dissection skills for bonework of the Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
cranium and spine, including attention to bioplastics and Fort Worth, Texas 76111. Phone: 800-433-7639 or 81 7-831-2604. 

biometals applicable to neurosurgery. 

OR Personnel—dissection skills to become familiar with 


the applications of power instrumentation; discussion of 
and participation in problem solving, care, and proper 
maintenance of power equipment. 





Join the more than 7 
Midas Rex Hands-On Workshops. 
Surgeons; 1,500 Neurosurgeons; 


250 enrollees who have completed 
(3,700 Orthopaedic 
2,100 OR Personnel) 
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Hosted by 
House Ear Institute, Los Angeles, CA 





President: Paul J. Donald, M.D. 


Donald P. Becker, M.D., Los Angeles 
Antonio De la Cruz, M.D., Los Angeles 
Paul J. Donald, M.D., Sacramento 
William Hitselberger, M.D., Los Angeles 
William F. House, M.D., Los Angeles 
Ivo Janecka, M.D., Pittsburgh 

Derald E. Brackmann, M.D., Los Angeles 





Organizing Committee: Steven L. Giannotta, M.D., Los Angeles 
Horace Norrell, M.D., Sarasota 

Albert Rhoton, M.D., Gainesville 
Laligam Sekhar, M.D., Pittsburgh 
Herbert Silverstein, M.D., Sarasota 


Peter G. Smith, M.D., St. Louis 









Local Organizing Chairman: Antonio De la Cruz, M.D., Director of Education, House Ear Institute 
256 South Lake Street, Los Angeles, California 90057 (213) 483-4431 






Fees: Physicians $350; Residents $50; Registered Nurses: $150. 
Additional fee of $100 will be charged for registrations received after January 6, 1990. 


Call For Papers: Abstracts must be received by September 1, 1989. 






When the world 
turns upside 
down... 


Transderm Scop 
is the better choice 
for motion sickness 
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special care in the elderly and in patients taking 
drugs (including alcohol) capable of causing 
CNS effects. Dryness of the mouth occurs 
in about two thirds of people. Please - 
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Transderm Scop* 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scép is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scōp provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scōp provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scép should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scdp should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
Possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scép should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
_ drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scōp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scdp is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scdp should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scop is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scop: 
disorientation; memory disturbances; dizziness: restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scōp system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scop disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scép disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


CAUTION 
Federal law prohibits dispensing without prescription. 


Dist. by: 

CIBA Consumer Pharmaceuticals 
Div. of CIBA-GEIGY Corp. 
Summit, NJ 07901 
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C I BA 


References: 

1. Dahl E: Clin Pharmacol Ther 1984:36:116-120. A study 
of mild motion sickness in a laboratory setting in which 
Transderm Scdp® demonstrated a significantly greater 
reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P = 0.01) and placebo (P = 0.003). 

2. Price N et al: Clin Ther 1979;2:258-262. Studies at sea 
that demonstrated a 75% mean reduction in the incidence 
of nausea and vomiting associated with motion sickness 
with Transderm Scdp, compared to 50% with Dramamine®* 
(P>0.05). 
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Fellowship in 
Movement Disorders 





A fellowship in Movement Disorders 
in the Department of Neurology, 
Henry Ford Hospital is available for 
1-2 years beginning in July, 1989 or 
thereafter. All movement disorders 
are seen, with a major interest in 
Parkinson's disease. Research inter- 
ests include NMR spectroscopy, 
clinical and basic neuropharmacol- 
ogy, cognitive-motoric functional 
Studies and neuroepidemiology. 
This is an excellent opportunity to 
receive intensive clinical training 
and to be actively involved in these 
research areas. 


















Call or write Jay M. Gorell, M.D., 
Department of Neurology, Henry 
Ford Hospital, 2799 West Grand 
Boulevard, Detroit, Michigan 48202 
[ (313)-876-7323]. 









FELLOWSHIP 
IN NEUROLOGY 


OF AGING 


A fellowship in the Neurobiology 
of Aging in the Neurology 
Department at the University of 
Massachusetts Medical Center is 
available for July, 1990. The posi- 
tion includes opportunities for both 
clinical and basic research, as well 
as experience in the diagnosis and 
management of neurologic disorders 
occurring with age. The fellowship 
is for one or two years, and will in- 
clude opportunities for participation 
in ongoing studies in neuropharma- 
cology, neuropathology, molecular 
neurobiology and neuropsychology. 
Neurvlogy residency training or 
equivalent experience is required. 


Apply to: David A. Drachman, 
Mb. Professor and Chairman, 
Department of Neurology, 
University of Massachusetts 
Medical Center, 55 Lake Avenue 
North, Worcester, MA 01655.USA. 


An Affirmative 
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Calendar 


1989 
Sept 7-9 


11-12 
11-13 
13-17 
14-15 
14-16 
17-21 


\ 20-22 


23-27 


24 


24-27 
a 27-Oct 1 
Oct 2-5 


4-6 


CALENDAR OF MEETINGS 


‘‘New Advances in Common Neurologic Disorders,” Catamaran Resort Hotel, San Diego, Calif. 
Contact Shirley Kolkey, Conference Coordinator, PO Box 210211, San Diego, CA 92121; (619) 
453-6222. 

“The Injured Worker Dilemma: Definitive Solutions.” Hyatt Regency Embarcadero, San Francisco, 
Calif. Contact San Francisco Spine Institute, 1500 Southgate Ave, Suite 113, Daly City, CA 94015; 
(415) 991-6761. 

“Epilepsy Advances,” Towsley Center, Ann Arbor, Mich. Contact Gayle Fox, Program Assistant, 
Office of Continuing Medical Education, G- 1100 Towsley Center-Box 0201, University of Michigan 
Medical School, Ann Arbor, MI 48109-0201; (313) 763-1400. 

‘Interventional Neuroradiology,” The Johns Hopkins Medical Institutions. Thomas B Turner Build- 
ing, Baltimore, Md. Contact Program Coordinator, The Johns Hopkins Medical Institutions, Office 
of Continuing Education, Turner Building, 720 Rutland Ave, Baltimore, MD 21205; (301) 955-2959. 
American Association of Electromyography and Electrodiagnosis Annual Scientific Meeting and 
courses, Washington, DC. Contact Ella M. VanLaningham, Executive Director, American Associ- 
ation of Electromyography and Electrodiagnosis, 732 Marquette Bank Bldg, Rochester, MN 55904; 
(507) 288-0100. 

“Cerebral Circulation and Aging,” Toulouse, France. Contact Secretary of Professeur A.Bes and 
G. Géraud, Service de Neurologie, CHU Rangueil, 31054 Toulouse, France. 

“Recent Trends in Clinical Electrophysiology: Intraoperative Monitoring,” Towsley Center, Ann Ar- 
bor, Mich. Contact Gayle Fox, Program Assistant, Office of Continuing Medical Education, G- 1100 
Towsley Center-Box 0201, University of Michigan Medical School, Ann Arbor, MI 48109-0201; 
(313) 763-1400. 

Seventh European Meeting on Clinical Neuropharmacology, Belgrade, Yugoslavia. Contact Profes- 
sor Dr Ljubisav Rakić (for Seventh European Meeting on Clinical Neuropharmacology), University 
Clinical Center, Belgrade, Pasterova 2, Belgrade 11000, Yugoslavia. 

“Advances in Hyperalimentation: A Practical Approach,” Boston, Mass, sponsored by The New 
England Deaconess Hospital, Boston, in conjunction with the Harvard Medical School Department 
of Continuing Medical Education, Boston. Contact Harvard Medical School, 641 Huntington Ave, 
Boston, MA 02115; (617) 732-1528. 

Third Annual Conference on the Foundations of Behavioral Neurology, Wenner Gren Center, 
Stockholm, Sweden. Contact Ann McCormick, Program Director, Southern California Neuropsychi- 
atric Institute, 6794 La Jolla Blvd, La Jolla, CA 92037; (619) 454-2102. 

“Symposia on Etiology, Pathogenesis, and Prevention of Parkinson's Disease and Hyperkinetic 
Movement Disorders,” New Orleans, La; platform presentations are being solicited. For Symposium 
on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease, contact Dr J. William Langston, 
California Parkinson Institute, 2444 Moorpark, Suite 316, San Jose, CA 94128; for Symposium on 
Hyperkinetics Movement Disorders, contact Dr Anthony Lang, Division of Neurology, Toronto 
Western Hospital, 25 Leonard Ave, Suite 101, Toronto, Ontario, Canada M5T 2R2. 

114th Annual Meeting, American Neurological Association, New Orleans (La) Sheraton Hotel. Con- 
tact Executive Director, American Neurological Association, 2221 University Ave SE, Suite 350, 
Minneapolis, MN 55414; (612) 378-3290. 

Annual Meeting, American Academy of Neurological Surgery, Loew’s Ventana Canyon Resort, 
Tucson, Ariz. Contact Nicholas T. Zervas, MD, Secretary, Massachusetts General Hospital, Bos- 
ton, MA 02114. 

Second Annual International Course on Magnetic Resonance Imaging, Riyadh, Saudi Arabia. Con- 
tact Department of Medical Studies, Armed Forces Hospital, PO Box 7897, Riyadh 11159, Saudi 
Arabia. 

Braintree Hospital 10th Annual Traumatic Head Injury Conference, Sheraton Tara Hotel, Braintree, 
Mass. Contact Braintree Hospital, Public Relations Department, 250 Pond St, Braintree, MA 02184; 
(617) 848-5353, extension 2300. 

Ninth International Congress of Neurological Surgery, New Delhi, India; approved for Category 1 
credit by the American Academy of Neurological Sciences and the Congress of Neurological Sur- 
geons. Contact Dr A. K. Banerji, Organizing Secretary, PB No. 4543, New Delhi 110-016, India. 
“Vernon B. Mountcastle Symposium-Neuroscience: Integrative Functions,” The Johns Hopkins 
Medical Institutions, Baltimore, Md. Contact Office of Continuing Education, The Johns Hopkins 
Medical Institutions, Turner Building, 720 Rutland Ave, Baltimore, MD 21205-2195; (301) 
955-2959. 

Second Milan (Italy) International Symposium on Sleep. Contact Professor Salvatore Smirne, Cen- 
tro del Sonno, HS Raffaele, via Olgettina, 60, 20132 Milan, Italy. 

Eighth World Congress of Psychiatry, Athens. Contact Congress Secretariat, 4 Eginitou St, GR-115, 
28 Athens, Greece; 7223 670. 

Fourth International Headache Congress, Sydney, Australia. Contact Mrs Eleanor Loveridge, PO 
Box 925, Crows Nest, New South Wales, 2065, Australia; 612 439 6185; facsimile, 612 436 3730; 
Telex, AA23023. 
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October 26-27-28, 1989 


(Immediately preceding the 
Congress of Neurological Surgeons meeting.) 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 
(NEURO/ORTHO/ORP 700) (Separate Hands-On Sessions) 
An Interdisciplinary Symposium for Neurosurgeons, Orthopaedic Surgeons, 
and Operating Room Personnel 


(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the neurosurgical conference) 


presented by 


MIDAS REX™ Institute 


Course Directors: 
Susan Mitchell, Ed.D. 
Norman McDaniel, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An Intensive 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: 


Neurosurgeons—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


Orthopaedic Surgeons—dissection in small bones, large 
bones, spines, joint replacement, revision surgery, methyl- 
methacrylate, polyethylene, and biometals, including 

broken stem extraction. 


OR Personne/—dissection skills to become familiar with 
the applications of power instrumentation; discussion of 
and participation in problem solving, care, and proper 

maintenance of power equipment. 


CREDITS: CME Credit Available. 


COURSE LOCATION AND ACCOMMODATIONS: Radisson 
Hotel Atlanta, Courtland & International Boulevard, Atlanta, 
Georgia 30303. Phone: 404-659-6500. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to “Atlanta 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,300 enrollees who have completed 
Midas Rex Hands-On Workshops. (3,700 Orthopaedic Sur- 
geons; 1,500 Neurosurgeons; 2,100 OR Personnel) 





MIDAS REX™ Institute 





LOS ANGELES/ANAHEIM HANDS-ON WORKSHOPS* 
625 West Katella, Unit 22, Orange, California 
“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) 
SEPTEMBER 11-12-13 © 25-26-27 
OCTOBER 9-10-11 
NOVEMBER 9-10-11 


Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
DECEMBER 7-8-9 

JANUARY 4-56 © 22-23-24, 1990 
FEBRUARY 8-9-10 ¢ 15-16-17, 1990 


OR PERSONNEL SYMPOSIUM (ORP 700) 
ripe for OR Personnel only: 
JANUARY 29-30-31, 1990 
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; The workshops are held each day from 7:00 a.m. to 1:00 pin. They will emphasize a series of 
structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


N —dissection skills to become familiar with the applications of power instrumentation; dis- 
cussion of and participation in problem solving, care, and proper maintenance of power equipment. 
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AREA ATTRACTIONS; 
ALS oA pba ben Knott's Berry Farm with 165 attractions and rides, Movieland, 
Pacific Amphitheatre which is Orange County’s outdoor theater. Other convenient attractions 
are NBC Studios, ABC Studios, Marineland, San Diego Zoo, Sea World in San Diego and the 
; beaches which are 20 minutes away. 
SPECTATOR SPORTS—Baseball with the California Angels, football with the 
Los nges Rams, and horse racing at Los Alamitos and Santa Anita. 
PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and sport 
FOOD—5,000 restaurants in Orange Coun 


fishing off the California coastline. 
j 5 Í | are serving everything from 
Continental to ethnic cuisine. Fifty 
ceived the Southern 


= 


porcen „of the restaurants have re- 
alifornia Restaurant Writers award. 


ENROLLMENT; Fee (US$): Suon $965.00; Resident $585.00 (with 
letter from Department Head); All Operating Room Personnel (RN/CST/ 
PA/Other) $250.00. Make check to “Los Angeles/Anaheim Symposium.” 
Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, Texas 76111. 
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*Join the more than 7,300 enrollees who have completed Midas 
Rex Hands-On Workshops. (3,700 Orthopaedic Surgeons; 1,500 
Neurosurgeons; 2,100 OR Personnel) 
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Letters to the Editor 


Migraineur, or Migraineuse? A 
Cheval of a Different Color? 


To the Editor.—I do not want to be ac- 
cused of beating a dead cheval, but I 
think that Dr Leviton' should have 
been less apologetic in defending his 
use of the word migraineur in describ- 
ing both men and women migraine 
sufferers. 

French nouns are rather arbitrarily 
either masculine or feminine. Conse- 
quently, a migraineur could properly 
refer to both men and women just as 
un cheval can mean a horse of either 
sex. I say “could,” however, because a 
bit of investigation has lead me to 
doubt that this is really a French word 
at all. It is true that migraineur does 
appear in Dorlands (their editor could 
not find the source), but I could not find 
it in four other prominent medical dic- 
tionaries, so I consulted the Alliance 
Française in New York, NY, and they 
informed me that the word was not to 
be found in any authoritative sources 
they checked, including the seven vol- 
ume Le Robert dictionary. I suspect 
that migraineur may have come into 
usage as a shorthand way of referring 
to the “patient with migraine.” 

I applaud Dr Jonas? for spotting an 
apparent instance of linguistic sexism, 
but I think that he may have been right 
for the wrong reason. I suggest he 
plead his case before the “forty im- 
mortals” rather than Dr Leviton. 
Meanwhile, my obsessive pursuit of 
this word has made me a migrainous 
man or homme migraineux and my 
wife une femme migraineuse. Clair? 

HAROLD APPEL, MD 


40 Stuyvesant St 
New York, NY 10003 


1. Leviton A. Migraineur, or migraineuse? re- 
ply. Arch Neurol. 1988;45:1180. 

2. Jonas S. Migraineur, or migraineuse? Arch 
Neurol. 1988;45:1180. 


Permanent Lithium-Induced 
Downbeating Nystagmus 


To the Editor.—In the report by Wil- 
liams et al in the September issue of 
the ARCHIVES,’ a 54-year-old woman 
was noted to have the abrupt onset of 
oscillopsia and downbeat nystagmus 
while receiving lithium carbonate for 


' manic-depressive illness. After an 


evaluation revealed no other cause, her 
condition was thought to have been 
induced by lithium therapy, although 
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the nystagmus continued for 2 years 
following the cessation of lithium 
treatment. In such cases, it is difficult 
to be sure that the cause is the medi- 
cation and not a small stroke in the 
area of the craniocervical junction. In 
support of the conclusion by Williams 
and coworkers that lithium therapy 
can cause a permanent deficit, I have 
seen two very similar cases. 


Report of Cases.—Two women, both 64 
years old, were taking lithium for bipolar 
disorder. Oscillopsia began while receiving 
the medication, and downbeat nystagmus 
developed on examination. Skew deviation 
was also present in both patients, although 
other neuro-ophthalmologic abnormalities 
were lacking. The general neurologic 
examination was normal. Extensive radio- 
logic evaluations revealed no cause. 


Comment.—Despite discontinua- 
tion of the medication, both patients 
have continued to have striking down- 
beat nystagmus and symptoms of 
oscillopsia. One patient has discontin- 
ued lithium therapy for 5 years and 
the other for over 1 year. 

The addition of these cases to the 
literature supports the concept of Wil- 
liams and coworkers that lithium 
therapy can have a permanent effect 


on ocular motility. 
MICHAEL L. ROSENBERG, MD 
Uniformed Services University of the 
Health Sciences 
F. Edward Hébert School of Medicine 
4301 Jones Bridge Rd 
Bethesda, MD 20814-4799 


1. Williams DP, Troost BT, Rogers J. Lithium- 
induced downbeat nystagmus. Arch Neurol. 
1988;45:1022-1023. 


Warning Headache in Aneurysmal 
Subarachnoid Hemorrhage 


To the Editor.—Verweij and col- 
leagues! are to be complimented on 
their work reported in the September 
1988 issue of the ARCHIVES. Neurolo- 
gists and neurosurgeons regularly are 
confronted with patients who had had 
a recent sudden onset of an unusual 
headache, the patient having been 
told to take some aspirin (probably 
contraindicated if an aneurysm has 
ruptured) and return to the doctor’s 
office or emergency room if symptoms 
persist. As fewer and fewer medical 
students get any exposure to neuro- 
surgery, failure to recognize or sus- 
pect this “warning leak” can only 
increase in incidence. 


The early warning symptoms of a 
subarachnoid hemorrhage are well 
known2 Of interest is the first 
description by Collier in 1931.’ 


A lady who was touring in the country 
developed so severe a headache that she 
decided to return home, and drove her car 
from Liverpool to London without a break. 
I saw her immediately after arrival and 
could not determine the cause of her com- 
plaint; and though I had my needles with 
me and discussed the question of lumbar 
puncture with her husband, who was a 
doctor, I decided that there was no indica- 
tion for it because she had no physical 
signs whatsoever except the headache. 
Some eight hours later and without the 
development of any further signs or symp- 
toms she dropped dead when walking 
around her room. A lumbar puncture made 
after death showed copious blood under 
high pressure in the subarachnoid space. 


A computed tomographic scan and/ 
or a lumbar puncture (in the absence 
of hematoma) generally are quite 
benign procedures; but they may offer 
life-saving information for the pa- 
tient with a sudden, severe headache 
in the presence of a previously silent 
intracranial aneurysm. Unfortunate- 
ly, this type of communication does 
not get into the general medical jour- 


nals frequently enough. 
JOHN L. Fox, MD 
8111 Dodge St 
Suite 339 
Omaha, NE 68114 


1. Verweij RD, Wijdicks EFM, van Gijn J. 
Warning headache in aneurysmal subarachnoid 
hemorrhage. a case-control study. Arch Neurol. 
1988;45:1019-1020. 

2. Fox JL. Intracranial Aneurysms. New York, 
NY: Springer-Verlag NY Inc; 1983;1:119-121. 

3. Collier J. Observations on cerebral hae- 
morrhage due to causes other than arteriosclero- 
sis. Br Med J. 1931;2:519-521. 


Vascular Dementia and Dementia of 
Alzheimer-Type Cognition 


To the Editor.—The article by Aharon- 
Peretz and coworkers’ in the July 1988 
issue of the ARCHIVES, comparing the 
ventricular size and leuko-araiosis in 
multi-infarct and degenerative de- 
mentias, is of utmost interest to me. 
I wonder what kind of modification 
of the method used by Albert et al? has 
been made. I cannot find any explana- 
tion of such low index values for multi- 
infarct dementia, with respect to ours.’ 
Considering the modifications of the 
method, an additional group of age- 


| attare tn the Faditar 839 


and sex-matched controls would have 
been more suitable for the purpose. 

However, the crucial point concern- 
ing this study refers, in my opinion, to 
4 of 31 patients suffering from multi- 
infarct dementia, with a negative com- 
puted tomographic scan. 

O’Brien‘ rightly pointed out that 
Hachinski’s score divides patients into 
two subgroups: a large-infarct group 
and everything else. The modified is- 
chemic score’ lends support to the di- 
agnosis of large, and even lacunar, 
clinically silent, strokes. Magnetic res- 
onance imaging tends to better sub- 
stantiate the diagnosis, since ischemic 
lesions are better seen on magnetic 
resonance imaging than on computed 
tomography.‘ 

Therefore, there are reasons to be- 
lieve that a negative computed tomo- 
graphic scan and/or a negative mag- 
netic resonance imaging scan cast 
doubt on the diagnosis of multi-infarct 
dementia, especially if the patients are 
included in a clinical research study. 

These four patients cannot be in- 
cluded in a study that sets out to assess 
some new features (ventricular size 
and leuko-araiosis) in two different 
clinical entities: multi-infarct and de- 
generative dementias. In this case, 
only definite, or almost definite, clini- 
cal pictures should be included. 

I wonder if a group of patients with 
multi-infarct dementia became a part 
of a group of 27 patients instead of a 
group of 31 patients (2 with severe 
leuko-araiosis) if the leuko-araiosis 
score between multi-infarct and de- 
generative dementia may still have a 


statistically significant difference. 
CARLO LOEB, MD 
Department of Neurology 
University of Genova 
Genova, Italy 
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Parkinson’s Disease, Vitamin E, and 
Mitochondrial Energy Metabolism 


To the Editor.—1-Methyl-4-phenyl- 
1,2,3,6-tetrahydropyridine (MPTP) 
causes parkinsonism in humans and 
experimental animals by causing the 
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death of dopaminergic striatal neu- 
rons. The ultimate toxin is thought to 
be a monoamine oxidase metabolite of 
MPTP, the 1-methyl-4-phenylpyridin- 
ium ion (MPP*), which is transported 
by the normal dopamine reuptake sys- 
tem, is concentrated by the mitochon- 
dria, and then poisons the cell by 
blocking the respiratory chain.” 

Several authors have presented evi- 
dence for the involvement of oxygen 
radical damage in the toxic effects of 
MPTP.‘ Dopaminergic neurons accu- 
mulate lipofuscin, a hallmark of oxi- 
dative damage, after MPTP adminis- 
tration.** Some experiments, although 
not all, have demonstrated ameliora- 
tion of MPTP-caused dopaminergic 
neuron loss by prior administration of 
antioxidants, including vitamin E.» 
Other data also demonstrate initia- 
tion of oxidative damage by MPTP in 
various systems.*'® Moreover, the pos- 
sible involvement of oxidative damage 
in the loss of dopaminergic neurons in 
idiopathic Parkinson’s disease has led 
to the establishment of clinical trials 
in which the possible beneficial 
effects of vitamin E treatment, alone 
or in conjunction with monoamine 
oxidase inhibitors, is being tested." 
However, these data must be con- 
trasted with several reports that 
MPTP toxicity in isolated hepato- 
cytes does not involve oxidative dam- 
age,!*!6 

Thus, there is a contradiction in the 
current paradigm for the neurotoxic 
action of MPTP and similar agents 
that might be involved in the etiology 
of Parkinson’s disease. Whereas there 
is some in vivo evidence for the 
involvement of oxidative damage in 
the neurotoxic action of MPTP, in 
vitro evidence shows that the ultimate 
toxin, MPP*, causes cell death by 
blockage of oxidative phosphorylation 
through inhibition of NADH-ubiqui- 
none oxidoreductase, an action appar- 
ently not involving oxidative dam- 
age.*'”'® I should like to point out a 
possible resolution. When cells in cul- 
ture are made deficient in vitamin E, 
they show increased susceptibility to 
the cytotoxic actions of agents that 
either directly interfere with electron 
transport at the NADH-ubiquinone 
step or that interfere with pathways 
of energy production, which depend on 
the action of this step.” Conversely, 
vitamin E-deficient cells are not more 
sensitive to agents that interfere with 
energy production by actions at other 
steps. Thus, MPTP may have a dual 
synergistic action in causing Parkin- 
son’s disease. Direct initiation of 
chronic oxidative damage may deplete 
cellular stores of vitamin E, accompa- 
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nied by lipofuscin accumulation; many 
studies have shown an inverse correla- 
tion between lipofuscin accumulation 
and vitamin E content in tissues.”° The 
MPTP metabolite, MPP*, then inhibits 
mitochondrial metabolism at a step in 
the biochemical pathway rendered 
more sensitive to such inhibition by 
vitamin E deficiency. Whether both 
actions are necessary for the action of 
MPTP and similar toxins is open to 


experimental test. 
PETER J. HORNSBY, PHD 
Department of Cell and 
Molecular Biology 
Medical College of Georgia 
Augusta, GA 30912 
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Eye Movements in Acquired 


immunodeficiency Syndrome 


To the Editor.—We read with interest 
the report by Currie et al' on eye 
movement abnormalities in the 
acquired immunodeficiency syndrome 
dementia complex. We recently had 
the opportunity to examine the eye 
movements of two patients with this 
syndrome. 


Report of Cases.—CasE 1.—A 35-year- 
old man with 17 years’ education was rated 
as having moderate neuropsychological 
impairment from acquired immunodefi- 
ciency syndrome dementia complex. Mag- 
netic resonance imaging showed diffuse 
cortical atrophy and mild cerebellar hypo- 
plasia. 

Case 2.—A 38-year-old man with 13 
years’ education was rated as having sig- 
nificant neuropsychological impairment 
due to acquired immunodeficiency syn- 
drome-related complex. Magnetic reso- 
nance imaging showed mild enlargement 
of the vermian sulci and the lateral and 
third ventricles. 

The neuropsychological assessment was 
based on standard protocol. Eye move- 
ments were recorded using infrared ocu- 
lography. 

Comment.—Both patients demon- 
strated fixation abnormalities con- 
sisting of saccadic intrusions of 1 to 3 
degrees (“square-wave jerks”) in clus- 


_ ters of two to five intrusions per sec- 


{ 


ond. 

Saccades were abnormal in both 
patients, who demonstrated marked 
hypometria, requiring a series of 
small refixational eye movements to 
bring the eyes onto the target. 

Additionally, patient 1 demon- 
strated overshoot dysmetria. “Wrong- 
way saccades,” where the eyes moved 


opposite the direction of the target, 


also occurred. 

The saccadic eye movements from 
patient 1 were analyzed quantitative- 
ly. The saccades showed normal dura- 
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tion-amplitude and peak velocity- 
amplitude relationships. Saccadic la- 
tency between the change of stimulus 
position and eye position was 250 to 
450 ms on the average, compared with 
normal latencies of 200 to 250 ms. 

Both patients were able to pursue a 
sinusoidal target up to about 60 
degrees per second before “catch-up” 
saccades were required. 

Our preliminary findings support 
the observations of Currie and col- 
leagues. Further study is needed to 
determine the usefulness of this tech- 
nique for quantitation of certain 
aspects of this disorder involving the 


oculomotor system. 
DEBORAH I. FRIEDMAN, MD 
STEVEN E. FELDON, MD 
Department of Ophthalmology 
University of Southern 

California School of Medicine 

Doheny Eye Institute 
1355 San Pablo St 
Los Angeles, CA 90033 
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Polymyositislike Syndromes in the 
Acquired Immunodeficiency 
Syndrome 


To the Editor.—Recently we cared for 
a 29-year-old homosexual man with 
acquired immunodeficiency syndrome 
who developed severe myalgias and 
muscle weakness while being treated 
with zidovudine (Retrovir, formerly 
called AZT or azidothymidine). With- 
in 10 days of the onset of his symp- 
toms, acute high-output renal failure 
secondary to myoglobinuria devel- 
oped. The creatinine level was greater 
than 1200 umol/L, the creatine kinase 
level was greater than 12000 U, and 
the urine was orthotolidine positive in 
the absence of red blood cells. A skel- 
etal muscle biopsy specimen showed 
scattered necrotic muscle fibers, occa- 
sional internal nuclei, and a few rod- 
like structures. No inflammation was 
noted. Viral particles were not seen on 
examination of the muscle using elec- 
tron microscopy, and no viruses could 
be grown on viral culture. 

The patient had been stable on 600 
mg/d of zidovudine for 7 months 
before symptoms developed. Except 
for the 17-day period when the patient 
was too ill to take oral medicines, his 
zidovudine therapy was continued 
throughout the course of his myopath- 
ic symptoms, and therapy has been 


continued without problems for a fur- 


ther 6 months. 


Several cases of a polymyositislike 
syndrome have been described in 
patients with acquired immunodefi- 
ciency syndrome, and a causal link 
with zidovudine has been proposed.' 
Our case, although showing similar 
pathologic changes to those described 
by Bessen et al,' is unusual because of 
the severity of the myopathy that 
precipitated acute renal failure. It is 
also important because treatment 
with zidovudine was restarted after 
the acute problem had subsided, and 
then treatment was continued for the 
following 6 months without recur- 
rence of the polymyositislike syn- 
drome. 

We believe this is a significant 
observation, since zidovudine may be 


withheld unnecessarily in these 
patients, potentially jeopardizing 
their long-term outcome. 

M. Curtis, MD 


M. J. GILL, MB, FRCPC 

A.K.W. BROWNELL, MD, FRCPC 
The University of Calgary 
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Fatigue in Multiple Sclerosis 


To the Editor.—I read the article “Fa- 
tigue in Multiple Sclerosis” by Krupp 
et al' in the April 1988 issue of the AR- 
CHIVES with interest. In that article, 
the fatigue frequently experienced by 
patients with multiple sclerosis (MS) 
is characterized and proved to be more 
frequent and severe than the fatigue 
experienced by normal healthy adults. 
Interestingly, the fatigue of patients 
with MS seemed independent of sever- 
ity of the patients’ neurologic deficits, 
and the severity of the fatigue did not 
correlate well with depression. I would 
like to point out some recent develop- 
ments that might have some role in an 
improved understanding of MS fa- 
tigue. Trotter et al? have reported find- 
ing elevated serum interleukin 2 (IL-2) 
levels in patients with progressive MS, 
and Greenberg et al’ have reported 
finding elevated serum levels of the re- 
leased form of the IL-2 receptor in pa- 
tients with MS. Denicoff et al‘ reported 
that most of the patients in a series 
treated with IL-2 for cancer experi- 
enced decreased energy and fatigue. 
On a related point, the biologic activi- 
ties of interleukin 1 (IL-1) includes T- 
cell activation resulting in IL-2 syn- 
thesis and IL-2 receptor expression.‘ 
Interleukin 1 reportedly has sleep- 
inducing effects,*° and the increased 
IL-2 serum levels and IL-2 receptor 
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levels that have been reported in pa- 
tients with MS might also reflect some 
accompanying increased IL-1 activity. 
A possible relationship between MS 
fatigue and the interleukins seems 
reasonable and worthy of further 
study. 
RICHARD B. RossE, MD 
Psychiatry Service 
Washington Veterans 
Administration Medical 
Center 


50 Irving St NW 
Washington, DC 20422 
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Neurocysticercosis 


To the Editor.—Scharf has provided 
an excellent summary of one hospi- 
tal’s experience with a large number 
of patients with neurocysticercosis.' 
Although cerebrospinal fluid (CSF) 
abnormality was mentioned in the 
report, CSF eosinophilia was omitted. 
Since cysticercosis is one of the most 
common causes of CSF eosinophilic 
pleocytosis, the documentation of CSF 
eosinophilia is an important laborato- 
ry finding.’ The following two cases, 
however, serve to indicate that CSF 
eosinophilia may not be present when 
the patient has acute neurologic 
symptoms, but occurs as the neurolog- 
ic symptoms are improving. It is pos- 
sible that Scharf has observed a simi- 
lar experience with “late-onset” CSF 
eosinophilia, and so chose to omit this 
as a significant diagnostic finding. 


Report of Cases. —Case 1.—A 50-year-old 
man, who emigrated from Mexico, was 
evaluated for headache and tonic-clonic 
(grand mal) seizure. The neurologic and 
general examinations were normal, except 
for nuchal rigidity. An electroencephalo- 
gram showed intermittent theta waves 
over the left parietal region. A computed 
tomographic scan showed two nonenhanc- 
ing low-density lesions in the left parietal 
and right paramedian areas, and general- 
ized ventricular dilatation. Cerebrospinal 
fluid analysis showed an increased leuko- 
cyte count (12 X 10°/L) (ten polymorpho- 
nuclear cells and two lymphocytes), an 
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elevated protein level (1.36 g/L), and a low 
glucose level (0.6 mmol/L). All cultures 
and all cytology and luetic serology test 
results -were negative. Serum Cysticercus 
inhibition hemagglutination antibody ti- 
ter, performed by the Centers for Disease 
Control, Atlanta, was greater than 1:4096. 
Roentgenograms of the chest and soft tis- 
sue of the thigh showed calcification com- 
patible with Cysticercus. Phenytoin was 
prescribed for the seizure. The initial pre- 
senting symptoms resolved within four 
days. Repeated CSF analysis showed eosin- 
ophilia. Peripheral blood eosinophilia was 
absent. 

The patient had two other episodes of 
severe headache and seizure over the next 
15 months of evaluation. Table 1 is a 
summary of the CSF test results. Serial 
lumbar punctures showed that CSF eosino- 
philia occurred as the neurologic symp- 
toms abated. 

CASE 2.—A 28-year-old Mexican man 
presented with influenzalike symptoms 
and severe, throbbing headache. He 
reported having had a similar episode four 
years before. The patient was febrile and 
had meningismus; otherwise results of the 
neurologic examination were normal. The 
initial CSF analysis was consistent with a 
purulent meningitis, with a leukocyte 
count of 1093 X 10°/L (0.87 polymorphonu- 
clear cells and only 0.1 eosinophils): glu- 
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Table 1.—Cerebrospinal Fluid (CSF) Analysis From Case 1* 


Procedures 


Differential Cell Count 


x 108/L Leukocytes Lymphocytes Monocytes Eosinophils 


cose level, 2.5 mmol/L (serum glucose level, 
6.2 mmol/L); and an elevated protein level, 
0.45 g/L. All cultures and all cytology and 
luetic serology test results were negative. 
Treatment with intravenous penicillin was 
initiated, and a repeated CSF analysis 18 
hours after the initial lumbar puncture 
showed a decrease in the leukocyte count to 
575 X 10°/L. The patient defervesced with- 
in 24 hours and was asymptomatic within 
four days. Serum Cysticercus inhibition 
hemagglutination antibody titer was 1:32. 
Typical Cysticercus calcifications were 
seen on thigh and skull roentgenograms 
and on a computed tomographic scan of the 
head. Follow-up CSF analyses eight days, 
and also three weeks, after the initial 
lumbar puncture showed increased and 
persistent eosinophilia (Table 2). 


Comment.—Both cases had puru- 
lent leptomeningeal neurocysticerco- 
sis with late CSF eosinophilia. Nei- 
ther patient displayed evidence of 
peripheral blood eosinophilia. These 
two cases suggest that eosinophilia in 
leptomeningeal cysticercosis may not 
be present when the patient has neu- 
rologic symptoms, but occurs when 
the neurologic symptoms are resolv- 
ing. The absence of CSF eosinophilia 
in reported cases of neurocysticercosis 
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* Eosinophilia is absent or reduced when the patient is acutely symptomatic with severe headache and 
seizure. As the neurologic symptoms subside, CSF eosinophilia is observed. 
tProtein level, 31.46 g/L; glucose level, 0.1 mmol/L. 
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Date x108/L Leukocytes Lymphocytes Monocytes Eosinophils 
4/11/82* 1093 0.87 0.09 0.03 0.01 
4/12/82 575 0.20 0.73 0.06 0.01 
4/19/82 358 0.03 0.80 0.09 0.08 
4/30/82 101 oak 0.92 0.03 0.05 





* Eosinophilia is minimal when the patient is acutely symptomatic with severe headaches. As the neurologic 
symptoms subside, CSF eosinophilia is observed. 
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may have occurred because the CSF 
specimens were obtained during the 
acute symptomatic period. 

Symptoms resulting from cysticer- 
cosis may be secondary to the inflam- 
matory reaction directed against the 
dead larvae. Eosinophils assist in 
dampening allergic, inflammatory 
reactions. Since eosinophils are 
present after an allergic, inflammato- 
ry reaction has been initiated, it is not 
surprising that lumbar punctures per- 
formed early in the course of inflam- 
mation did not show eosinophilia. It is 
uncertain whether this applies to the 
parenchymal form of cysticercosis, as 
the inflammatory reaction is usually 
not as marked with meningeal cysti- 


cercosis. 

LENWORTH N. JOHNSON, MD 

Neuro-ophthalmology Unit 

The Milton S. Hershey 
Medical Center 

The Pennsylvania State 
University 

Hershey, PA 17033 
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To the Editor.—We found Scharf’s 
article! on neurocysticercosis interest- 
ing, especially his opinion on the in- 
creasing frequency of the disease. Re- 
cently, we have seen a case of 
meningeal cysticercosis? in a patient 
living outside an endemic area 
(France) who presented with a pauci- 
symptomatic lymphocytic meningitis. 
Since an early diagnosis is now possi- 
ble by using immunologic techniques 
(enzyme-linked immunosorbent assay 
on blood or cerebrospinal fluid), we feel 
that those test results should be ob- 
tained in all cases of chronic lympho- 
cytic meningitis of unknown cause. In- 
deed, anyone engaged in nonindustrial 
swine production can potentially con- 
tract the disease, and the patient’s 
history will often fail to uncover perti- 
nent orienting details. Perhaps pauci- 
symptomatic cases of neurocysticerco- 
sis are more frequent than generally 
admitted. In addition, the existence of 
an efficacious treatment of the disease 
(using praziquantel or albendazole 
therapy) makes an early diagnosis 


even more important. 
B. DE TOFFOL, MD 
A. AUTRET, MD 
Service de Neurologie 
Hôpital Bretonneau 
2 Bd Tomnelle 
37044 Tours Cedex, France 


Arch Neurol— Vol 46, August 1989 


1. Scharf D. Neurocysticercosis. Arch Neurol. 
1988;45:777-780. 

2. de Toffol B, Lewin-Fouks P, Narkabi S, 
Duong TH, Lardande P, Autret A. Spontaneously 
resolving meningeal cysticercosis revealed by 
chronic lymphocytic meningitis. Presse Med. 
1989;18:81-82. 


In Reply.—Dr Johnson raises an 
interesting point concerning eosino- 
phils in cysticercosis. This issue was 
not specifically addressed in our 
study. Nevertheless, we have fre- 
quently noted cerebrospinal fluid 
(CSF) eosinophilia, as have many oth- 
er prior authors.'* However, as with 
any laboratory determination, there 
are problems of specificity and sensi- 
tivity that need to be addressed. 
Peripheral eosinophilia is of ques- 
tionable benefit in making the diagno- 
sis of neurocysticercosis. It may be 
absent despite the presence of menin- 
gitis.‘ Conversely, its presence may 
not be helpful because patients fre- 
quently have infections with other 
parasites.’ In contrast, when eosino- 
phils are present in the CSF, it is 
suggestive of a helminthic infection of 
the central nervous system. The two 
parasites most likely to provoke a CSF 
eosinophilic pleocytosis are either 
Taenia solium or Angiostrongylus 
cantonensis.*’ The prevalence of CSF 
eosinophilia in neurocysticercosis has 
varied in a number of studies. In a 
Romanian series of 65 cases, 13 (20% ) 
had a CSF eosinophilia of 6% or 
greater. Among 132 cases treated 
surgically in Poland, 39 (29.5%) had 
CSF eosinophilia ranging between 5% 
and 18%. In a large recent study in 
Mexico, 57% of patients with “inflam- 
matory CSF” had eosinophils in their 
CSF. However, among the entire 
group (ie, not preselected based on 
inflammatory vs noninflammatory 
CSF), 203 (27%) of 753 patients had 
from 1% to 12% eosinophils in their 
CSF." In the earlier Los Angeles 
County-University of Southern Cali- 
fornia study, eosinophils were found 
in only four (9.5%) of 42 patients 
whose CSF was selected for Wright’s 
staining (note, of those four patients, 
none had peripheral eosinophilia).” 
Additional pitfalls include the prop- 
er identification of eosinophils in 
CSF“ and the difficulty of staging the 
course of the disease. It is assumed 
that the rupture of a cysticercal cyst 
in the subarachnoid space induces an 
inflammatory response that may be 
mediated, in part, by eosinophils. 
However, the time course of this 
response is not well documented. For 
example, following praziquantal ther- 
apy, there is a variable inflammatory 


response; variable in both its latency 
and in its degree of pleocytosis. Thus 
identification of early- vs late-onset 
findings prove problematic in an indi- 
vidual patient. 

Cysticercosis is the most important 
of the parasitic diseases of the central 
nervous system. Its presenting signs 
and symptoms are protean, as is the 
host-cyst inflammatory response. The 
finding of CSF eosinophilia may be 
useful in suggesting or corroborating 
the diagnosis of neurocysticercosis. 
Nevertheless, it is not pathognomonic 
and may not accurately stage the 
course of the disease. 

Davip ScHARF, MD 
Department of Neurology 
Los Angeles County- 
University of 
Southern California 


Medical Center 
Los Angeles, CA 90033 
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Posterior Cortical Atrophy: 
A New Clinical Entity, 
or Alzheimer’s Disease? 


To the Editor.—Benson et al' in the 
July 1988 issue of the ARCHIVES pro- 
pose the existence of “posterior corti- 
cal atrophy” on the basis of case 
descriptions of five patients. They 
argue the following: “These cases are 
sufficiently similar to each other 
and...sufficiently different from 
those typical for either Alzheimer’s or 
Pick’s disease to warrant classing 
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them separately until definitive 
pathologic information becomes 
available.” We believe that, although 
the construct seems attractive and the 
radiologic evidence supportive, the 
data presented do not justify the pro- 
posal of a new clinical entity. 

The authors base their argument on 
the following major observations: (1) 
presence of prominent visual deficits 
and (2) relative preservation of mem- 
ory, insight, and judgment. The visual 
deficits in their patients included ocu- 
lar dysmetria, sticky fixation, simul- 
tanagnosia, and visual agnosia. Such 
deficits, plus others (dyschromatop- 
sia, abnormal visual evoked poten- 
tials, prosopagnosia, and loss of con- 
trast sensitivity) have been well-docu- 
mented in patients with Alzheimer’s 
disease.** Visual dysfunction does not, 
therefore, establish the patients 
described by Benson et al as unique, 
and the claim of a new clinical disor- 
der thus rests on the preservation of 
memory, insight, and judgment. 

The claim of preserved memory is 
questionable, given the neuropsycho- 
logical data provided. Of patient 3, the 
authors state that she “easily learned 
and retained new verbal information 
and retrieved information from the 
past.” However, on neuropsychologi- 
cal testing she received a Memory 
Quotient of 59 on the Wechsler Memo- 
ry Scale (table 1 in the article of 
Benson et al), which is 2 SDs below 
the mean, indicating severe memory 
impairment. Patients 1 and 4 are 
described as showing nearly perfect 
memory, if multiple choice responses 
were provided. However, testing was 
informal and not based on established 
norms. Moreover, severe amnesics, 
such as the famous case HM, are 
known to perform surprisingly well 
when provided with memory 
prompts.’ For patient 2, the claim of 
intact memory rested solely on the 
patient’s ability to provide an ade- 
quate history. Memory testing was 
not available, but the patient is 
described as having sought help “for 
increasing memory difficulty.” Pa- 
tient 5 was reported as having a Mem- 
ory Quotient of 79. Such a score sug- 
gests significantly impaired memory, 
especially when compared with an 
obtained Verbal IQ of 125 (table 1 in 
their article). 

Preserved insight and judgment 
observed in the patients cannot be 
taken as convincing evidence of a syn- 
drome other than Alzheimer’s dis- 
ease. Insight and judgment are not 
well studied because of difficulties 
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with objective assessment of such 
vague concepts, but there are docu- 
mented observations of patients with 
Alzheimer’s disease who are aware of 
their diagnosis and who are aware of 
certain of their deficits.’ 

In summary, the evidence presented 
is insufficient to support the existence 
of a new disease entity. Sucha propos- 
al can only be thoroughly evaluated in 
the light of further data and must 
await pathologic evaluation of the 


patients. 
EDWARD P. FEHER, PHD 
RODERICK K. MAHURIN, PHD 
STEVEN B. INBopy, MD 
FRANCIS J. PIROZZOLO, PHD 
Department of Neurology 
Baylor College of Medicine 
Texas Medical Center 
Houston, TX 77030 
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In Reply.—Feher, Mahurin, Inbody, 
and Pirozzolo are correct in their 
statement that the evidence presented 
in our article’ is insufficient to sup- 
port the existence of a new clinical 
entity called posterior cortical atro- 
phy, but their major arguments are 
not acceptable. Most of their objec- 
tions are based on the inability of the 
neuropsychological tests to demon- 
strate findings in these patients that 
could not be found in Alzheimer’s 
disease. Unfortunately, current neu- 
ropsychological tests, even when 
administered in a carefully planned, 
nonstandard manner, are not reliable 
in the separation of Alzheimer’s dis- 
ease from a number of other causes of 
dementia.’ 

Many of the findings in these 
patients were unlike those present in 
Alzheimer’s disease. The dramatic 
difference in the verbal and perfor- 
mance scores on the Wechsler Adult 


Intelligence Seale seen in these 
patients is not standard for Alzhei- 
mer’s disease. When this observation 
is coupled with the early, severe dis- 
turbance of high-level visual func- 
tions (agnosia and alexia), the late 
appearance of language and memory 
dysfunction (traditional early signs of 
Alzheimer dementia), and the pre- 
dominance of posterior atrophy on 
brain imaging, consideration of a dif- 
ferent entity is warranted. Such find- 
ings do not “establish” a new entity, 
however; for that we must await 
pathologic evidence, a point clearly 
stated in the article. 

As a postscript, two of the patients 
presented in the article (cases 1 and 2) 
have come to postmortem examina- 
tion since publication of the article. 
The neuropathologic study has yet to 
be completed, but preliminary results 
suggest two different pathologic pic- 
tures. In case 1, the atrophic changes 
in both posterior hemispheres were 
prominent on gross examination, with 
little or no suggestion of similar atro- 
phy anteriorly. Microscopically, nei- 
ther plaques nor tangles were present 
in any brain area examined; an exces- 
sive gliosis was notable in the posteri- 
or hemispheres, particularly involv- 
ing the immediate subcortical areas, 
and a fine vacuolarization was present 
in both the cortex and the gliotic 
subcortical structures. This neuro- 
pathologic picture most closely resem- 
bles that described by Neumann and 
Cohn? in 1967, and, more recently, by 
Verity and Wechsler.‘ Case 2, in con- 
trast, had many plaques and tangles 
spread throughout the cortex and hip- 
pocampus. Again, the most marked 
atrophy involved the posterior part of 
the brain, and, in this region, was 
associated with prominent congo- 
philic angiopathic changes in the 
microvasculature. Both cases deserve 
additional and careful neuropatho- 
logic evaluation before considering 
their relationship to the clinical 


course described in the article. 
D. FRANK BENSON, MD 
Neurology Department 
UCLA School of Medicine 
710 Westwood Plaza 
Los Angeles, CA 90024 
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DNA Synthesis in Alzheimer Type II Astrocytosis 


The Question of Astrocytic Proliferation and Mitosis 
in Experimentally Induced Hepatic Encephalopathy 


Roger A. Brumback, MD, Lowell W. Lapham, MD 


èe Hepatic encephalopathy is associ- 
ated with development of Alzheimer type Il 
astrocytosis consisting of large, pale, fre- 
quently paired astrocytic nuclei. Previous 
studies have suggested that the paired 
forms are a manifestation of astrocytic 
proliferation and that the two nuclei of 
paired forms are in separate cells and have 
an equal (diploid) DNA complement. A 
model of hepatic encephalopathy can be 
produced using methionine sulfoximine to 
inhibit irreversibly the enzyme glutamine 
synthetase, resulting in elevated brain am- 
monia levels and development of Alzhei- 
mer type Il astrocytosis. Using this model 
Sprague-Dawley rats were simultaneously 
injected with methionine sulfoximine 300 
mg/kg and tritiated thymidine 15 mCi/kg. 
Autoradiography of cerebral sections from 
animals killed 18 to 36 hours after the in- 
jection revealed many heavily labeled cor- 
tical Alzheimer type II astrocytic nuclei. 
These findings are consistent with DNA 
synthesis and mitotic division of Alzheimer 
type Il astrocytes. 

(Arch Neurol. 1989;46:845-848) 
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I 1912, von Hösslin and Alzheimer' 

described the striking changes in 
astrocytic nuclei in a case of hepato- 
lenticular degeneration that have sub- 
sequently become known as the Alzhe- 
imer type II astrocytic response. Al- 
though it may be identified in a variety 
of metabolic encephalopathies, this as- 
trocytic reaction is now recognized to 
be most fully developed in association 
with liver failure from any cause.” 
Alzheimer type II astrocytosis, in im- 
mersion-fixed brain tissue, consists of 
the development of numerous promi- 
nent, large, pale, vesicular, frequently 
paired astrocytic nuclei with margin- 
ated chromatin and one or more prom- 
inent nucleoli unassociated with stain- 
able cytoplasm or processes. One or 
more glycogen granules may also be 
present in the nuclei. These changes 
can be found most conspicuously in the 
cerebral cortex, basal ganglia, and 
thalamus. 

Adams and Foley? selected the glo- 
bus pallidus for nuclear counts and 
measurement of nuclear diameters 
and found an increase in the size and 
number of astrocytic nuclei in patients 
dying of hepatic coma. Lapham‘ per- 
formed morphometric measurements 
and Feulgen cytophotometric DNA 
analysis on the Alzheimer type II as- 
trocytes in autopsy brains from pa- 
tients who died of liver failure with 
clinical signs of hepatic encephalopa- 
thy. In addition to an increase in the 
size and number of astrocytic nuclei, 
many of which were paired, he ob- 
served occasional larger single astro- 
cytic nuclei. The DNA content of each 


member of the paired forms, as well as 
most single astrocytic nuclei, was dip- 
loid; in some of the larger nuclei, how- 
ever, the DNA content approached or 
even reached tetraploid. This led 
Lapham to speculate that the larger 
nuclei with elevated DNA content 
were synthesizing DNA in preparation 
for division and the paired nuclei were 
produced by division of the larger 
forms.’ Paired nuclei were, therefore, 
the newly formed daughter nuclei that 
had not yet migrated apart. 

At the time of Lapham’s report, a 
prevailing theory suggested that as- 
trocytic proliferation occurred by 
amitosis,*’ a concept discussed by 
Lapham.* Amitosis, however, did not 
fit with the data indicating uniformly 
diploid daughter cells from progeni- 
tors whose DNA content had doubled, 
which presumably would only be pos- 
sible through orderly mitosis. 

Initial attempts to resolve the mode 
of astrocytic proliferation by studying 
the phenomenon of Alzheimer type II 
astrocytosis in animal models met 
with mixed results. Hasson and Leech? 
found enlargement of astrocytic nuclei 
(but not classic Alzheimer type Ias- 
trocytes) in the globus pallidus of rats 
with carbon tetrachloride-induced cir- 
rhosis. In rats with a portacaval anas- 
tomosis, Cavanagh and Kyu’ found 
that the Alzheimer type II astrocytic 
response could be directly correlated 
with the serum ammonia levels even 
though the rats appeared clinically 
normal. Norenberg et al!° studied the 
portacaval anastomosis model in dogs 
and rats that developed clinical signs 
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Clinical Course: 


Group No. No. (%) 
1 15 (25) 
2 22 (37) 
3 23 (38) 


of encephalopathy. Their morphomet- 
ric studies at the light microscopic 
level clearly documented Alzheimer 
type II astrocytic hyperplasia.''? It 
was further demonstrated by electron 
microscopy'*’ that each nucleus of the 
paired forms resided in a separate cell 
(even though by light microscopy the 
paired nuclei seemed to abut one an- 
other; at the ultrastructural level a set 
of apposing cytoplasmic membranes 
always separated the nuclei). While 
the ultrastructural evidence suggested 
that Alzheimer type II astrocytic pro- 
liferation resulted from cell division, 
no mitotic figures were ever witnessed, 
although Norenberg et al did note 
centrioles (often with attached micro- 
tubules) in 25% of the astrocytes. 
Gutierrez and Norenberg'*'’ subse- 
quently developed an animal model 
using methionine sulfoximine to in- 
hibit glutamine synthetase, thereby 
producing markedly elevated brain 
ammonia levels. Despite finding histo- 
logic evidence of Alzheimer type II as- 
trocytosis, including many paired 
forms, they were unable to identify 
mitotic figures. 

In an attempt to extend this model of 
Gutierrez and Norenberg'*’ and pro- 
vide further evidence concerning the 
mechanism of division that underlies 
Alzheimer type II astrocytic prolifer- 
ation, we undertook a study in which 
methionine sulfoximine-treated ani- 
mals were given a bolus of tritiated 
thymidine as a marker for the DNA 
synthesis that precedes mitosis. 


METHODS 


Seventy-eight male Sprague-Dawley rats 
strain Crl:CD(SD)BR (Charles River 
Breeding Laboratories, Wilmington, Mass), 
weighing from 210 to 275 g, were used in this 
study. Sixty experimental animals were 
given intraperitoneally a solution contain- 
ing both methionine sulfoximine (L-me- 
thionine-DL-sulfoximine) (Sigma Chemi- 
cal Co, St Louis, Mo) and tritiated thymi- 
dine (New England Nuclear, Boston, Mass). 
The control group consisted of 12 animals 
given tritiated thymidine alone without 
methionine sulfoximine in an equivalent 
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Frequency (n = 60), 


Clinical Course of Methionine Sulfoximine-Injected Animals 


Time Following Methionine 
Sulfoximine Injection, h 


{ 1-3 Ataxia and lethargy 
3-5 Seizures and death 
1-3 Ataxia and lethargy 
| 3-5 Semicomatose, no seizures 
6-10 Progressively shallower breathing, respiratory arrest, death 
1-3 Ataxia and lethargy 
3-10 Semicomatose, no seizures 
10-14 Slowly regained consciousness 
14-18 Ataxia and lethargy 
>18 Clinically normal 


volume of solution, 4 animals given methio- 
nine sulfoximine alone without tritiated 
thymidine, and 2 animals given an equiva- 
lent volume of only normal saline. The con- 
centration of methionine sulfoximine in the 
aqueous injection solution was 40 mg/mL. 
The tritiated thymidine had a specific ac- 
tivity of 78.0 mCi/umol and contained 1.0 
mCi/mL. The dose of methionine sulfoxi- 
mine given to each animal was exactly 300 
mg/kg of body weight, while the dose of 
tritiated thymidine was 15 mCi/kg of body 
weight.'* Methionine sulfoximine-injected 
animals began to have unsteady (ataxic) 
movements and were lethargic within 2 
hours of injection'* Experimental animals 
generally had one of three clinical courses 
following the methionine sulfoximine in- 
jection (details in Table). 

Experimental animals that remained 
alive after 18 to 36 hours (group 3, 23 
animals), along with controls, were killed 
with an overdose (2.0 mL) of intraperito- 
neal Cloropent (Fort Dodge Laboratories 
Inc, Fort Dodge, Iowa). The brain, spleen, 
and a segment of large intestine were im- 
mediately removed from each animal for 
fixation by immersion in phosphate-buff- 
ered (at a pH of 7.4) 4% formaldehyde so- 
lution. 

After 3 to 4 days of fixation, the brains 
were sectioned in the coronal plane and 
slabs through the anterior forebrain and 
midthalamus were paraffin embedded 
along with a slice of spleen and a cross-sec- 
tional slice of intestine. Nine serial sections 
(each 8 um thick) were cut from each par- 
affin block and placed on acid-cleared glass 
microscope slides. The fifth section cut from 
each block was stained with hematoxylin- 
eosin; one section was used for immunoper- 
oxidase staining using antibodies directed 
at glial fibrillary acidic protein, and the 
other sections were used for autoradiogra- 
phy. The sections were prepared for auto- 
radiography by coating each slide in the 
dark with photoemulsion (Ilford K-5, Il- 
ford, Essex, United Kingdom). Blank coated 
slides with no section were also included as 
controls. The coated slides were stored with 
desiccant in the dark at 4°C. After intervals 
of 2, 4, and 6 weeks, the emulsion was 
developed using developer (Kodak Dektol, 
Eastman Kodak Co, Rochester, NY), and 
the slides were stained with hematoxylin- 
eosin. Photomicrographs were obtained us- 
ing a photomicroscope (Zeiss Photomicro- 
scope II) and film (Kodak Panatomic X). 
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RESULTS 


In those animals given methionine 
sulfoximine, light microscopic exami- 
nation revealed striking changes in the 
astrocytes in cerebral cortex and deep 
nuclei (thalamus and basal ganglia). 
There were large numbers of astro- 
cytic nuclei showing the characteristic 
features of Alzheimer type II astro- 
cytes, ie, large vesicular nuclei (many 
occurring as pairs) with marginated 
chromatin and one or more nucleoli 
(Figure). Stainable astrocytic cyto- 
plasm or processes were not noted in 
sections stained with hematoxylin- 
eosin or glial fibrillary acidic protein, 
and no mitotic figures were observed. 
In those animals given a simultaneous 
dose of methionine sulfoximine and 
tritiated thymidine, accumulation of 
thymidine in numerous Alzheimer 
type II astrocytic nuclei was evidenced 
by the presence of heavy accumulation 
of silver grains in the Ilford photo- 
emulsion nearly obscuring the labeled 
nuclei (Figure). Tritiated thymidine 
accumulation was apparent not only in 
many single astrocytic nuclei but also 
in many paired nuclei. If one member 
of a pair was labeled, the other was 
also labeled. This labeling was found 
wherever Alzheimer type II astrocytes 
were observed. Intestinal epithelial 
cells, splenic lymphocytes, and the 
cells surrounding the central ventri- 
cles also were heavily labeled with tri- 
tiated thymidine in experimental ani- 
mals (given methionine sulfoximine 
and tritiated thymidine) and in control 
animals (given tritiated thymidine 
without methionine  sulfoximine). 
Only experimental animals, however, 
showed labeled astrocytic nuclei. No 
labeling was encountered in control 
groups given methionine sulfoximine 
or saline alone without tritiated thy- 
midine. ) 


COMMENT 


Methionine sulfoximine is a potent 
and relatively specific inhibitor of the 
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Top left, Typical Alzheimer type II astrocytosis (prominent, large, pale, vesicular, frequently paired 
astrocytic nuclei with marginated chromatin and one or more prominent nucleoli unassociated with 
stainable cytoplasm or processes) in immersion-fixed cerebral cortex specimens from methionine 
sulfoximine-treated rat. Tritiated thymidine accumulation in single (top right) and paired (bottom) 
Alzheimer type Il astrocytic nuclei in cerebral cortex of rats treated with methionine sulfoximine. 
This labeling was found wherever Alzheimer type Il astrocytes were observed in animals given a 
methionine sulfoximine dose of 300 mg/kg of body weight along with a tritiated thymidine dose 
of 15 mCi/kg of body weight (top left, hematoxylin-eosin; top right and bottom, photoemulsion [Il- 
ford K-5 emulsion] developed after 4 weeks and counterstained with hematoxylin-eosin, X 1000). 


enzyme glutamine synthetase," irre- 
versibly inhibiting the enzyme 
through phosphorylation of the me- 
thionine sulfoximine molecule and 
then tight binding of the methionine 
sulfoximine-phosphate to the enzyme. 
This inhibition of glutamine syn- 
thetase, a major enzyme in the path- 
way of ammonia catabolism in the 
brain, results in locally marked eleva- 
tion of brain ammonia levels.”’?! The 
major use of methionine sulfoximine 
has been as an experimental convul- 
sant agent, and both the mechanism of 
seizure production and the relation- 
ship of the elevated ammonia levels to 
the seizures have remained controver- 
sial.22? 

Gutierrez and Norenberg'*’’ ob- 
served that following injection of me- 
thionine sulfoximine in doses much 
lower than those ordinarily necessary 
to produce convulsions, rats developed 
clinical symptoms and histologic 
changes in the brain similar to the he- 
patic encephalopathy induced by port- 
acaval shunting. We found a similar 
development of clinical symptoms, in- 
cluding progressive ataxia, lethargy, 
and coma (leading to death in some 
animals) following methionine sulfox- 
imine injection. In animals studied 
histologically and by autoradiography 
(all of whom had clinically recovered 
by the time they were killed), charac- 
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teristic Alzheimer type II astrocytic 
changes were apparent. These con- 
sisted of large, vesicular, frequently 
paired astrocytic nuclei with margin- 
ated chromatin and one or two nucle- 
oli and no stainable cytoplasm or pro- 
cesses. These features were most 
prominent in the cerebral cortex, basal 
ganglia, and thalamus. As in all previ- 
ous investigations of hepatic enceph- 
alopathy, no mitotic figures were evi- 
dent. However, the finding by autora- 
diography of tritiated thymidine in 
many Alzheimer type II astrocytic nu- 
clei lends support to the concept that 
DNA synthesis in preparation for mi- 
totic division does take place. The use 
of tritiated thymidine is a well-ac- 
cepted method for identifying cells 
synthesizing DNA as part of the mi- 
totic cycle.” 

As expected, in all animals given 
tritiated thymidine, accumulation of 
the radioactive tritium label was ap- 
parent in nuclei of cells from tissues 
that turn over rapidly and in which 
mitotic figures are often identified 
(cells of hematopoietic origin and 
those lining the intestine). In addition, 
as has been observed previously,” tri- 
tiated thymidine accumulation was 
identified in the periventricular cells. 
However, only those animals given 
methionine sulfoximine showed thy- 
midine accumulation in glial cells in 


the brain parenchyma. In these me- 
thionine sulfoximine-treated animals, 
labeled glial cells had the histologic 
structure characteristic of Alzheimer 
type II astrocytes. No other parenchy- 
mal cells were labeled in the central 
nervous system. 

In this study, the tritiated thymi- 
dine labeling of astrocytic nuclei is 
consistent with “heavily-labeled” cells 
that have undergone scheduled 
S-phase semiconservative DNA syn- 
thesis.” This is in contrast to “light- 
labeling” of cells, which was not ob- 
served in this study and which repre- 
sents DNA repair.” The accumulation 
of thymidine in single nuclei suggests 
that some astrocytes are synthesizing 
DNA in preparation for mitotic divi- 
sion, while the labeling of paired forms 
is consistent with recent mitotic divi- 
sion. This interpretation correlates 
with the previous finding of Lapham* 
that some single astrocytic nuclei in 
Alzheimer type II astrocytosis contain 
increased amounts of DNA, up to tet- 
raploid DNA levels, while each nucleus 
of paired forms contains diploid levels. 
Our observations are also consistent 
with the biochemical studies of Sub- 
balakshmi and Murthy” in which the 
average DNA content of single astro- 
cytes following methionine sulfoxi- 
mine administration was elevated. 

The increase in size of Alzheimer 
type II astrocytes is now recognized to 
be related to immersion fixation, since 
it is not found with perfusion fix- 
ation.” However, the occurrence of 
hyperplasia, as manifested by DNA 
synthesis and labeling of paired forms, 
is strongly supported by this autora- 
diographic study. The concept that 
amitosis could explain the phenome- 
non of Alzheimer type II astrocytosis 
has been abandoned. Gutierrez and 
Norenberg" suggested that there was 
no true increase in numbers of astro- 
cytes. They also suggested that the 
lack of identifiable mitotic figures in- 
dicated that a nondescript neuroglial 
cell (not ordinarily recognized as an 
astrocyte)” lay adjacent to some as- 
trocytes and was transformed into a 
recognizable astrocytic form by the 
metabolic disturbance, thereby pro- 
ducing the paired forms. We suggest 
that our evidence of DNA synthesis by 
tritiated thymidine uptake indicates 
that mitotic division best explains the 
proliferation observed in Alzheimer 
type II astrocytosis, even though final 
proof of this by observing mitotic fig- 
ures is still lacking. 


This investigation was supported by grants 
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A Prospective Study of Alzheimer Disease 


in Down Syndrome 


Florence Lai, MD, Roger S. Williams, MD 


@ Ninety-six individuals with Down syn- 
drome over age 35 years were evaluated 
and followed up for evidence of nontreat- 
able dementia. Dementia was judged to be 
present when a functional decline oc- 
curred in areas such as orientation, mem- 
ory, verbal and motor skills, and self-care 
abilities. Forty-nine patients with Down 
syndrome fit this criterion, with an average 
onset of dementia at 54.2 + 6.1 years. 
The prevalence of dementia in the institu- 
tionalized Down syndrome population of 
our study (n = 53) was 8% (2/25 patients) 
between 35 and 49 years, 55% (11/20 pa- 
tients) between 50 and 59 years, and 75% 
(6/8 patients) of those over 60 years old. 
Of note, 41 (84%) demented individuals 
with Down syndrome developed seizures. 
Ten (20%) had parkinsonian features. Ad- 
equately treated hypothyroidism was 
present in 27 (59%) of 46 demented pa- 
tients with Down syndrome tested. The 
average duration of dementia in the 23 pa- 
tients who died was 4.6 + 3.2 years. Com- 
puted tomographic scans in 43 patients all 
showed brain tissue loss, most pro- 
nounced in the temporal lobes. Brains 
from 12 autopsied cases showed large 
numbers of plaques and tangles in the 
same locations as in persons with 
Alzheimer disease. 

(Arch Neurol. 1989;46:849-853) 


Jow» syndrome (DS) occurs in 1.0 to 
1.2 per 1000 live births’ and has a 
reported prevalence of approximately 
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15% in the mentally retarded 
population? The neuropathological 
pattern of Alzheimer disease (AD) is 
seen in nearly all cases of DS by age 40 
years.” A clinical dementia of the 
Alzheimer type (DAT) has been more 
difficult to document due at least in 
part to the underlying mental retar- 
dation, the wide variation in baseline 
function in individuals with DS, and 
the retrospective nature and cross- 
sectional design of most studies.*!°*! 
Few data are available regarding the 
age at onset, the clinical course, or the 
prevalence of DAT in the aging popu- 
lation with DS. Nor is much known 
about its relationship to DAT in the 
population at large. For these reasons 
we undertook the prospective longitu- 
dinal investigation reported herein. 
Throughout this study, AD will refer 
to neuropathologically proved Alz- 
heimer disease, whereas DAT will re- 
fer to clinical dementia of the Alzhe- 
imer type without neuropathological 
proof. 


PATIENTS AND METHODS 


We at the Eunice Kennedy Shriver Cen- 
ter, Waltham, Mass, have been engaged in 
a clinical prospective study of DAT in indi- 
viduals with DS over age 35 years. Ninety- 
six subjects (73 institutionalized, 23 com- 
munity-based) were evaluated between 
1980 and 1988 and followed up by one of us 
(F.L.). A standard neurological assessment 
was done including tests of orientation, 
memory, and verbal and motor skills. Level 
of functioning was determined by question- 
ing the staff, by reviewing records with 
particular attention to objective workshop 
production, and by directly examining the 
subject. Treatable causes of dementia such 
as hypothyroidism, neurosyphilis, vitamin 
B,, deficiency, and brain tumor were ruled 
out by appropriate testing. (Those with hy- 
pothyroidism were treated and determined 
to be euthyroid by blood tests.) Special in- 
quiry was also made as to symptoms of de- 


pression, which was ruled out as a primary 
cause of the functional decline. Regular 
follow-up visits every 6 to 12 months were 
scheduled for comparison with previous as- 
sessments. Dementia was defined as a de- 
cline in one or more of the assessed skills. 
Electroencephalograms were done in 46 of 
the 49 demented patients, and cranial com- 
puted tomographic scans were obtained in 
43 of those with dementia. 


RESULTS 
Demographics 


Of 96 individuals with DS (61 male, 
35 female) over age 35 years who were 
evaluated (Table 1), 49 (27 male, 22 fe- 
male) were judged to have a clinical 
dementia when followed up over time. 
(Fifteen of these 49 demented subjects 
with DS were previously described.” 
The average age at dementia onset was 
54.2 + 6.1 years, with no significant 
difference between males and females 
(t[47] = 1.756; males, 55.6 + 5.3 years, 
range 48 to 68 years; females, 
52.6 + 6.7 years, range 43 to 66 years). 
In the 23 patients (14 male, 9 female) 
who died, the average duration of de- 
mentia was 4.6 + 3.2 years, with no 
significant difference between the 
sexes (t[21] = 1.079; males, 4.1 + 2.7 
years; females, 5.6 + 4.0 years). 


Prevalence of Dementia in 
institutionalized DS 


To calculate a prevalence for demen- 
tia in the aging population with DS, all 
patients with DS over age 35 years 
(n = 73) were evaluated in an institu- 
tion for the mentally retarded. Of 
these, 20 died during the course of the 
study, leaving 53 still living. In these 53 
patients, the prevalence of dementia is 
8% in the 35- to 49-year-old group, 
55% in those 50 to 59 years old, and 
75% in those over 60 years old (Table 
2). 
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Table 1.—Clinical Findings in 49 Cases of DS With DAT * 
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* DS indicates Down syndrome; DAT, dementia of the Alzheimer 
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With myoclonus. 
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my 21; PD, Parkinson disease; and MCA, middle cerebral artery. 
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Investigational Data 


Adequately treated hypothyroidism 
was evident in 27 (59% ) of 46 demented 
patients tested, with no difference in 
male and female incidence (Table 1). In 
39 of 47 nondemented patients with DS 
tested, 13 (833%) were hypothyroid, 1 
(3%) was hyperthyroid, and 25 (64% ) 
were normal. Thirty-five of the 49 de- 
mented patients had chromosomal 
analyses, with 26 (13 male, 13 female) 
having classic trisomy 21, 8 (7 male, 1 
female) with mosaicism, and 1 (male) 
with translocation. There was no dif- 
ference in average age at onset, aver- 
age duration of dementia, or clinical 
features in the mosaic and transloca- 
tion cases when compared with pa- 
tients with classic trisomy 21. Com- 
puted tomographic scans, done in 43 
demented patients with DS, all showed 
substantial brain tissue loss, particu- 
larly in the temporal lobes. Progres- 
sive atrophy was noted in 13 cases 
where serial computed tomographic 
scans were obtained. 


Clinical Features 


Three phases of clinical deteriora- 
tion were recognized. In the initial 
phase, memory impairment, temporal 
disorientation, and reduced verbal out- 
put were evident in the higher-func- 
tioning individuals with DS. In the 
more retarded patients, the first indi- 
cations of dementia were apathy, inat- 
tention, and decreased social interac- 
tions. In both groups, spatial disorien- 
tation was manifest as getting lost in 
or around the residence. In the second 
phase, loss of self-help skills, such as 
dressing, toileting, and using food 
utensils, was seen. The gait often was 
slowed and shuffling. Workshop per- 
formance deteriorated to the point of 
nonproductivity. Seizures were fre- 
quently encountered (see below). In 
the final phase, the patients were non- 
ambulatory, and bedridden patients 
often assumed flexed postures. Sphinc- 
teric incontinence was present, and 
pathological reflexes such as snout, 
suck, palmar grasp, palmomental, and 
glabellar reflexes were prevalent. As- 
piration pneumonia and infection 
commonly preceded death. 


Seizures 


Seizures developed in 41 (23 male, 18 
female; 84%) of the 49 demented pa- 
tients with DS but occurred in all 23 
who died (Table 1). Four had a preex- 
isting seizure disorder, 23 had the on- 
set within 2 years of mental decline, 
and in 14, seizures developed more 
than 3 years after dementia began. The 
majority of the seizures were general- 
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ized tonoclonic and several were par- 
tial-complex, but all were easily con- 
trolled with anticonvulsants. Seven 
patients also developed myoclonus. 
Electroencephalograms were done in 
38 of these 41 patients, with 30 show- 
ing slow waves, 16 spikes or sharp 
waves, and 6 no definite abnormalities. 


Parkinsonism 


Ten patients (8 male, 2 female), or 
20% of our demented patients with DS, 
had the flexed posture, bradykinesia, 
masked facies, and cogwheel rigidity 
of parkinsonism. Only 4 had a coarse 
resting tremor. In 2 patients, signs of 
parkinsonism preceded signs of de- 
mentia by approximately half a year. 
Carbidopa-levodopa (Sinemet) was 
given to 5 patients, and all showed 
some improvement in their parkinso- 
nian features. Currently, in our 47 pa- 
tients with DS without clinical demen- 
tia, 2 have parkinsonian features in- 
cluding a resting tremor. 


Neuropathological Features 


Neuropathological examination of 
12 autopsied demented cases of DS 
disclosed prominent gyral and central 
atrophy, especially of the anterior 
temporal lobes (Table 3). Neuritic 
plaques and neurofibrillary tangles 
were abundant and were distributed in 
the same locations (ie, hippocampus, 
parahippocampal gyrus, amygdala, 
neocortex) as in the non-DS cases of 
AD. However, these neuropathologi- 
cal changes were generally more se- 
vere than in non-DS cases with AD. 
There was also nerve cell loss and gli- 
osis of the outer layers of the neocor- 
tex, in the hippocampus and parahip- 
pocampal gyri, amygdala, nucleus 
basalis, and locus coeruleus. Seven 
cases had evidence of amyloid angiop- 
athy, and 3 of these also had one or 
more cerebral infarctions. Patient 34, 
without clinical evidence of Parkinson 
disease, had changes in the substantia 
nigra consistent with Parkinson dis- 
ease. 


COMMENT 


Alzheimer disease is the fourth lead- 
ing cause of death in the United States 
and affects at least 2% to3% of the US 
population over age 65 years, with two 
to three times that rate in those over 
age 80 years, who compose the fastest- 
growing segment of our population. 
Patients with AD occupy one third to 
half of all nursing home beds at a cost 
of more than $10 billion per year.” The 
study of aging individuals with DS 
may prove to be fruitful in the fuller 
understanding of this disabling condi- 
tion since there is a clear-cut predilec- 
tion for individuals with DS to develop 
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Table 2.—Prevalence of Dementia in 
53 Institutionalized Patients With DS 
Over 35 Years Old (1988)* 


Total 
Residents 
Age, y Demented With DS % 
35-49 
50-59 
>60 


Total 
*DS indicates Down syndrome. 





the neuropathological features of 
AD.” 

Our longitudinal study delineates 
several features of DAT in individuals 
with DS. (1) The first signs of demen- 
tia in most of our patients with DS 
correlate with later stages of dementia 
in the general population with DAT. 
(2) There seems to be a latent period 
(up to two to three decades) between 
the time of neuropathological evidence 
of AD and its clinical expression. (3) 
The prevalence of dementia increases 
with age in the population with DS. (4) 
There is a higher incidence of seizures 
in DS dementia than in the general 
population with AD. (5) One fifth of 
our patients with DS dementia also de- 
veloped features of Parkinson disease. 

The clinical expression of DAT in 
the general population progresses 
through a continuum’ of memory 
loss, language disturbances, visuospa- 
tial disorientation, and motor apraxia, 
with later deterioration in social skills, 
motivation, attention, and gait. Fi- 
nally, pathological reflexes and sphinc- 
teric disturbances emerge while the 
patient becomes mute and bedridden. 

The earliest phases of DAT probably 
were masked in our study population 
due to their poor language skills. Mem- 
ory disturbance was noted in only 
those few patients with mild to mod- 
erate retardation. In most cases, the 
first symptom was a change in person- 
ality, such as irritability or emotional 
lability. In the severely to profoundly 
retarded group, the need for more as- 
sistance with such tasks as toileting, 
dressing, and eating was the clue to 
their decline. Thus, the initial presen- 
tation of dementia in most of our group 
with DS corresponded roughly to some 
of the later stages of DAT in the gen- 
eral population. The most plausible 
explanation is that the relatively se- 
vere degree of mental retardation in 
most of our patients precluded the de- 
tection of the earliest signs of DAT, as 
defined in the general population. 

The average age of 54.2 years for on- 
set of dementia in our study group with 
DS corresponds to the average of 51 
years in seven prospectively studied 
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autopsied cases of DS.*” With neuro- 
pathological changes of AD reported 
to be present in almost all DS brains by 
age 40 years, there thus seems to be an 
“incubation period” until the clinical 
symptoms of dementia become appar- 
ent. In view of the wide variation in age 
at dementia onset in patients with DS 
(43 to 68 years of age in our series, 43 
to 57 years in the patients of Wis- 
niewski et al”), this incubation period 
could be as much as 20 to 30 years and 
may partly explain why some reported 
patients with DS who had neuropatho- 
logically proved AD lacked signs of 
clinical dementia.’ 

The early age at dementia onset in 
our DS population corresponds to the 
average age at onset (before age 52 
years) in several large pedigrees of fa- 
milial AD.* The similarity is notewor- 
thy in that the gene for this form of 
autosomal dominant early onset AD 
has been mapped to the long arm of 
chromosome 21.” In addition, an in- 
creased frequency of DS has been 
found among relatives of early onset 
AD probands.” 

Our data on 53 currently living in- 
stitutionalized patients with DS over 
age 35 years show an increased preva- 
lence of dementia with age, from 8% in 
those 35 to 49 years old to 75% in those 
over 60 years old. These data corrobo- 
rate those of Thase et al,” who found 
the prevalence of dementia in 40 insti- 
tutionalized patients with DS to be 
45% in those over 45 years old and 90% 
in those over 55 years of age. This ris- 
ing prevalence of DAT in the aging 
population with DS could account for 
the increased mortality in patients 
with DS over age 40 years.” As yet un- 
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* DS indicates Down syndrome; AD, Alzheimer disease; NFT, neurofibrillar 
SN, substantia nigra; 0, absent; +, present or mild changes; ++, moderat 





Table 3.—Neuropathological Findings in 12 Autopsied Cases of DS With AD* 


Case Brain Ventricular 
No. /Sex Weight, g Enlargement NFT NP GVD AA SN Comments 

11/F 980 0 ++ +++ + (0) N1 Sudden death by gastric hemorrhage; 
no cerebral atrophy 

12/F 820 +++ +++ ++ 0 + N1 White matter degeneration, both 
hemispheres 

14/F 700 +++ +++ +++ ++ (0) N1 E 2 

17/F 920 0 +++ +++ 0 +++ N1 Multiple recent infarcts, MCA area 
bilaterally 

20/F 940 ++ +++ +++ ++ o N1 EN 

34/M 920 +++ +++ +++ 0 + Moderate degeneration; NFT > > NP 


Lewy bodies; NFT 


+++ O o N1 
+++ + + Ly 
+++ O 0 N1 
+++ + + NFT 
+++ O + N1 





answered is whether this same preva- 
lence occurs in the less retarded com- 
munity-based population with DS. 

The prevalence of epilepsy in indi- 
viduals with DS in general is low,” so 
that the high incidence of seizures in 
our demented group with DS (84% 
overall, 100% in those who died) sig- 
nals a disturbance in the central ner- 
vous system of these individuals. Per- 
haps it is due to the neuropathological 
features of AD being superimposed on 
an already developmentally abnormal 
DS brain.” In addition, it contrasts 
with a reported 10% seizure frequency 
in the later stages of AD in the general 
population.” 

Myoclonus and parkinsonian sub- 
groups seen in general DAT” were also 
identified in our study group with DS. 
Myoclonus developed in 14% of our 49 
demented patients with DS, similar to 
the 10% of general patients with DAT 
who develop this feature.”* Of inter- 
est in the study by Mayeux et al,” the 
subgroup with myoclonus was signifi- 
cantly younger at onset of dementia 
than other subgroups and showed se- 
vere intellectual decline with frequent 
mutism. 

Clinical parkinsonism, manifested 
by rigidity, bradykinesia, and cog- 
wheeling (rarely tremor), was seen in 
20% of our demented group with DS 
and correlates with that reported in 
general AD.**** There was no differ- 
ence in age at onset or duration of de- 
mentia in our cohort, but 8 of our 10 
patients with DS who had parkinson- 
ism were male. Lewy bodies are seen in 
10% to 18% of general cases of A D.3839 
They were seen only in our case 34, who 
did not have clinically recognized par- 









Cortex and white matter: diffuse gliosis 


Marked gliosis of cerebral cortex 


Symmetrical remote infarcts, head of 
caudate nucleus bilaterally 








y tangle; NP, neuritic plaque; GVD, granulovacuolar degeneration; AA, amyloid angiopathy; 
e changes; +++, marked changes; N1 normal; and MCA, middle cerebral artery. 


kinsonian features. 

Four of our demented patients with 
DS had both myoclonus and parkin- 
sonism. The severity and multiplicity 
of the clinical features correlate with 
the generally more severe changes 
seen on neuropathological examina- 
tion. 

Biochemical hypothyroidism is a 
common occurrence (33% ) in patients 
with DS.” The even higher frequency 
in our demented subgroup (59% ), com- 
pared with our nondemented group 
with DS (33%), may be significant in 
the context of reported higher fre- 
quency of prior thyroid disease in fe- 
male patients with AD in the general 
population (25% compared with 7% in 
controls).*! 

The association of amyloid angiopa- 
thy and aging in DS has been 
reported” and occurred in 7 of our 12 
autopsied cases. The number of cases 
may have been higher if investigated 
with more sensitive techniques, such 
as thioflavin S and immunocytochem- 
istry.” 

In most respects, the neuropathol- 
ogy and neurochemistry of AD in ag- 
ing individuals with DS and in the 
general population seem to be 
identical,**> making patients with DS 
an appropriate model for AD. In con- 
trast, the clinical expression of AD in 
patients with DS shows some distinc- 
tive features, probably because the de- 
menting process is being superim- 
posed on an already compromised 
brain. Therefore, the clinical dementia 


in patients with DS might be more ac- | 


curately called DS dementia rather 
than “dementia of the Alzheimer 


type.” 
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A Pilot Study of Haloperidol Treatment 
of Psychosis and Behavioral Disturbance 


in Alzheimer’s Disease 


Davangere P. Devanand, MD; Harold A. Sackeim, PhD; Richard P. Brown, MD; Richard Mayeux, MD 


è Nine outpatients meeting research 
criteria for probable Alzheimer’s disease 
who had psychosis or behavioral distur- 
bance participated in a single-blind, pla- 
cebo-controlled pilot study. Oral haloperi- 
dol in doses of 1 to 5 mg daily improved 
target symptoms, confirmed by double- 
blind ratings of videotaped interviews. Pa- 
tients could not be maintained on more 
than 4 mg of haloperidol daily due to the 
severity of extrapyramidal side effects. 
Modified Mini-Mental State scores wors- 
ened while taking haloperidol, with only 
partial recovery in the final 4-week pla- 
cebo phase. Severe extrapyramidal side 
effects and -decline in cognitive function 
may compromise the efficacy of com- 
monly used doses of neuroleptic drugs in 
patients with Alzheimer’s disease. 

(Arch Neurol. 1989;46:854-857) 


N euroleptic drugs are used com- 

monly in patients with dementia 
and are believed to be useful in the 
management of symptoms like suspi- 
ciousness, hallucinations, sleepless- 
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ness, excitement, hostility, belliger- 
ence, and emotional lability.'? The fre- 
quency of use of these drugs in 
demented patients ranges from 0% to 
44% in different hospitals.*> This in- 
consistent usage may be due to inade- 
quate data to guide practice. The effi- 
cacy of neuroleptics in dementia is not 
well established, little is known about 
their side effects, and few studies have 
evaluated outpatients or examined 
neuroleptic effects on cognition.‘ This 
pilot study was designed to address 
these issues. 


PATIENTS AND METHODS 


An ABA (A = placebo for 4 weeks, 
B = haloperidol for 8 weeks), single-blind 
pilot study, with double-blind assessment 
of videotaped interviews, was conducted in 
outpatients with probable Alzheimer’s dis- 
ease (AD) who had target psychotic or be- 
havioral psychopathology. Patients were 
required to meet Diagnostic and Statistical 
Manual, Revised Third Edition, criteria for 
dementia and National Institute of Neuro- 
logical Disorders and Stroke-Alzheimer’s 
Disease and Related Disorders Association 
criteria for probable AD,’ and the diagnosis 
was made independently by one of us, a 
neurologist (R.M.). All patients were living 
at home, and informed consent was obtained 
from patients and/or family members. 
Family members were spouses or adult 
children and were required to have had 
contact with the patient at least once a week 
for 3 months prior to study entry. Subjects 
with both presenile and senile onset were 
included. Exclusion criteria were alcohol or 
drug dependence, primary affective disor- 
der within 1 year prior to onset of demen- 


tia, stroke, history or clinical evidence of 
other causes of dementia including central 
nervous system conditions such as head 
trauma, Parkinson’s disease, Huntington’s 
disease, or multiple sclerosis. All patients 
were free of psychotropic medication for at 
least 1 week prior to study entry, and no 
concomitant psychotropic drugs were per- 
mitted. 

Patients fulfilling criteria for either psy- 
chosis or behavioral disturbance were eli- 
gible. Inclusion criteria for psychosis were 
the presence of a “definite” hallucination or 
delusion (Schedule for Affective Disorders 
and Schizophrenia research diagnostic cri- 
teria) and a Brief Psychiatric Rating Scale 
(BPRS) score of at least 4 (moderate sever- 
ity) on items for either hallucinatory be- 
havior or unusual thought content, or a to- 
tal score of 6 or greater on the sum of these 
two items. Criteria for behavioral distur- 
bance could be met in either of two ways: (1) 
a score of 4 or greater on the BPRS on one 
of three items: hostility, suspiciousness, 
uncooperativeness (hostile-suspiciousness 
factor), or a score of 8 or more on the sum 
of these three items; or (2) a score of 4 or 
greater on one of three items, namely, 
physical aggression, motor agitation, and 
catastrophic reactions, which were scored 
on a five-point scale (1=absent, 5= 
severe). This five-point scale was used to 
evaluate four behavioral syndromes be- 
lieved to occur commonly in dementia: cat- 
astrophic reactions (agitation/anger/anxi- 
ety in reaction to evidence of cognitive im- 
pairment); disinhibition syndrome 
(emotional lability, agitation, aggression, 
or intrusiveness); apathy-indifference; and 
sundowning (increased agitation or confu- 
sion in the evening). 

Interviews with patients were conducted 
focusing on BPRS items. Due to intellectual 
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and memory impairment, patients were of- 
ten unable to provide accurate or consistent 
answers to questions. Since extended clini- 
cal observation is difficult in outpatients, 
the major measures of efficacy were as- 
sessed by family member report. For any 
given patient, the same family member was 
interviewed at all time points. The depen- 
dent measures of efficacy were the BPRS 
total and factor scores and the four behav- 
ioral syndromes described above. Psychiat- 
ric assessments and the evaluation of side 
effects were done by one of us, a research 
psychiatrist (D.P.D.), and videotaped. Vid- 
eotapes of patient and family member in- 
terviews were done at four time points (end 
of initial 4-week placebo, mid-haloperidol 
phase, end of 8-week haloperidol phase, and 
end of final 4-week placebo phase). Video- 
tapes of the family member interviews were 
subsequently rated time-blind (hence, dou- 
ble-blind) by a second research psychiatrist 
(R.P.B.), after four other videotapes were 
conjointly rated to establish initial agree- 
ment on rating criteria. Due to the small 
sample size and the pilot nature of this 
study, for purposes of assessing interrater 
reliability, all videotapes were considered 
independent evaluation sessions even 
though up to four interviews were available 
for each patient. Of 36 possible videotapes, 
34 were rated by the second rater (one not 
taped and one dropout for final visit). 

Side effects were evaluated in three ar- 
eas: somatic, including general physical and 
extrapyramidal side effects, ability to per- 
form activities of daily life, and cognitive 
function. An a priori subset of 10 items 
from the Treatment Emergent Symptom 
Scale was used to evaluate somatic side ef- 
fects. Extrapyramidal side effects were 
evaluated with a modified version of the 
TAKE?’ The Blessed Dementia Rating Scale 
(BDRS) part 1 was used to evaluate activi- 
ties of daily life.” The Treatment Emergent 
Symptom Scale and the BDRS part 1 were 
administered to the family member at each 
visit. Patients were given the modified 
Mini-Mental State (mMMS) test (max- 
imum score, 57) at each session te evaluate 
cognitive function." 

Haloperidol and placebo were given in 
identical-appearing capsules. In the initial 
placebo phase, the number of placebo cap- 
sules was manipulated to mimic likely pat- 
terns of dosage increase and decrease dur- 
ing the haloperidol phase. Haloperidol was 
begun at 1 mg daily (1 mg per capsule), with 
doses increased to reach 5 mg daily by the 
end of 3 weeks so that the last 5 weeks in the 
haloperidol phase would be at a constant 
daily dose. No patient could be maintained 
at 5 mg daily due to the development of se- 
vere side effects (primarily extrapyrami- 
dal), and the average daily dose at the end 
of the haloperidol phase was 2.44 mg 
(SD = 1.4). In the final placebo phase (fol- 
lowing haloperidol), the number of placebo 
capsules was kept equal to the number of 
haloperidol capsules that the patient was 
taking daily at the end of the haleperidol 
phase. Anticholinergic agents were not 
used in order not to confound efiects of 
haloperidol on cognition. Side effects were 
treated by lowering dosage. Family mem- 
bers were responsible for ensuring admin- 
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Table 1.—Efficacy of Haloperidol* 
End 


End Initial End Final 
iCCt Placebo Haloperidol Placebo Ft P 
BPRS total 
score 0.58 52.4 (5.8) 43.2 (7.5) 45.2 (9.4) 5.3 <.05 
Psychosis factor 
(two items only) 0.62 8.0 (3.0) 5.2 (2.5) 5.6 (2.1) 6.1 <.05 





Hostile-suspicious- 
ness factor 


Catastropic 
reaction 


Disinhibition 


0.74 10.4 (1.1) 


0.63 2.8 (0.6) 


6.1 (2.6) 7.4 (2.6) 11.1 


1.0 (0.9) 1.8 (0.7) 





3.2 (0.5) 
3.5 (0.5) 
3.0 (1.3) 
* All data values are the mean (SD) of two raters. 


syndrome 
Apathy 
Sundowning 





tICC represents intraclass coefficient, all P < .001. 


2.2 (1.0) 
3.5 (0.6) 
2.3 (1.4) 


2.6 (1.0) 
3.3 (0.8) 
1.9 (1.4) 


3.8 
0.2 
3.4 


NS§ 
<.10 


+The F value is for repeated-measures analysis of variance on the scores at the three time points. 


§NS indicates not significant. 


















* All data values are the mean (SD). 

+The F value is for repeated-measures analysis of variance on the scores at the three time points. 

+Somatic side effects evaluated were Treatment Emergent Symptom Scale (TESS) with a subset of 10 items 
and the extrapyramidal side effects (EPS) scale (one rater only). 

§The Modified Mini-Mental State test was administered by a neuropsychology technician. 


nistration of medication. Haloperidol blood 
level determinations, analyzed after com- 
pletion of the study, indicated good medi- 
cation compliance in all cases. 


RESULTS 


The nine patients with AD (four 
men and five women) had a mean age 
of 71.6 years (SD = 7.8) with an aver- 
age duration of illness of 5.1 years 
(SD =2.9). Their mMMS scores 
ranged from 4 to 40 (mean = 22.5, 
SD = 15.3). Patients had considerable 
difficulty in performing the activities 
of daily life (BDRS part 1 mean = 16.0, 
SD = 2.9) and manifested moderate- 
to-severe target psychopathology 
(BPRS mean = 52.38, SD = 8.3). All 
nine patients met entry criteria for 
psychosis, and eight also met criteria 
for behavioral disturbance. The one 
exception was a patient who had para- 
noid delusions with hallucinations ac- 


Table 2.— Side Effects of Haloperidol * 


End Initial End End Final 
Placebo Haloperidol Placebo Ff 
Activities of daily life 
BDRS part IA 6.0 (0.8) 5.8 (1.0) 5.5 (0.9) 2.31 NS 
BDRS part IB 2.4 (1.5) 2.4 (1.4) 2.6(1.6) 0.38 NS 
BDRS part IC 8.4 (1.1) 7.6 (1.3) 7.7 (1.2) 0.81 NS 
Somatic side effectst 
TESS 9.4 (5.0) 8.6 (3.7) 6.8 (4.8) 1.46 NS 
EPS 0.7 (0.5) 4.5 (1.2) 1.6(0.5) 5.13 <.05 
Cognitive side effects 
Modified Mini-Mental State total score§ 23.3 (16.4) 18.1 (15.3) 20.1(14.4) 3.03 .10 
Subscales 
Orientation 3.5 (3.2) 2.4 (3.2) 2.3 (2.9) 2.99 .10 
Registration 7.4 (4.0) 5.9 (4.9) 6.4 (4.3) 0.88 NS 
Attention 2.1 (3.1) 1.5 (2.0) 1.4(1.7) 0.93 NS 
Knowledge 0.9 (0.6) 0.6 (0.5) 0.4(0.5) 4.20 .05 
Recall 0.4 (0.7) 0.3 (0.7) 0.3(0.5) 0.30 NS 
Language 9.0 (6.8) 7.5 (6.5) 9.5 (7.2) 3.71 





companied by only minimal behavioral 
disturbance. 

Intraclass correlation coefficients’ 
were computed for the main dependent 
measures for the two raters (rater 1 
from live interview and rater 2 from 
videotape). There was moderate-to- 
strong interrater consistency on the 
dependent measures of efficacy (Table 
E): 
As eight of nine patients completed 
the pilot study (one was placed in a 
nursing home at the end of the halo- 
peridol phase), statistical comparisons 
were restricted to the eight completing 
subjects. The major analyses for effi- 
cacy and side effects were based on 
family member interviews, using re- 
peated-measures analysis of variance 
(ANOVA) with three levels for treat- 
ment condition (end-first placebo, end- 
haloperidol, and end-final placebo 





phases; Table 1). Instrun vith 
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multiple scales were examined in 
terms of specific subscale changes only 
when total scores showed a significant 
effect of treatment condition. To de- 
termine the nature of significant con- 
dition effects, protected paired t tests 
(two-tailed) were used contrasting 
temporally adjacent treatment condi- 
tions. 

Three measures of efficacy were ex- 
amined for each dependent variable: 
rater 1, rater 2, and the mean of these 
two raters. There was no significant 
change on any dependent measure 
from study entry to the end of the first 
4-week placebo phase, eg, BPRS 
mean = 52.3, SD = 8.3 to mean = 55.9, 
SD = 7.9 for rater 1. Across the study 
periods, there were significant changes 
on the three BPRS measures exam- 
ined: total score; psychosis factor (two 
items only; item for conceptual disor- 
ganization excluded due to difficulty in 
separating this from aphasia); and 
hostile-suspiciousness factor scores 
(mean of two raters, Table 1). Target 
psychopathology decreased from end- 
initial placebo to end-haloperidol 
phase (BPRS total score t= 3.95, 
P<.01; BPRS psychosis factor 
t = 3.33, P< .01; BPRS hostile-suspi- 
clousness factor t= 5.32, P < .001), 


with nonsignificant improvement 
from end-haloperidol to end-final pla- 
cebo phase. 


Using a cutoff criterion of a mini- 
mum 20% reduction in total BPRS 
scores to indicate significant clinical 
improvement during the haloperidol 
phase, 5 patients were responders, 1 
manifested improvement of less than 
20% reduction in BPRS scores, 1 
showed no change, and 1 showed slight 
worsening. 

Symptom reduction during the halo- 
peridol phase was significant for cata- 
strophic reaction (t= 3.00, P < .05) 
and disinhibition syndrome (t = 2.49, 
P < .05, Table 1). Inclusion of the ninth 
patient, who exited at the end of the 
haloperidol phase, did not change the 
effects for measures of psychosis and 
behavioral disturbance for the initial 
placebo and haloperidol phases. Dur- 
ing the final placebo phase, psychopa- 
thology worsened for measures of both 
psychosis and behavioral disturbance 
but did not reach statistical signifi- 
cance for any dependent measure. Pa- 
tients did not return to baseline levels 
despite 4 weeks on placebo. 

Analyses of side effects are summa- 
rized in Table 2. There was no signifi- 
cant change over time in somatic side 
effects. Scores on extrapyramidal side 
effects (rater 1 only) increased during 
the haloperidol phase, before return- 
ing to baseline with placebo. There was 
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no change in ability to perform daily 
activities as measured by the BDRS 
part 1. 

The mMMS scores showed no change 
during the first placebo period 
(mean = 22.5, SD = 15.3 to mean = 23.3, 
SD = 16.4), suggesting minimal prac- 
tice effects. There was a trend toward 
decrement in scores during the 8-week 
haloperidol phase, without a signifi- 
cant reversal during the final 4-week 
placebo phase (Table 2). The deterio- 
ration during the haloperidol phase 
(t = 2.08, P < .10) was greater for the 
orientation, language, and knowledge 
components of the mMMS (Table 2). 
This effect of haloperidol on mMMS 
scores was independent of efficacy, as 
there was no significant correlation 
(r = —0.04) between the percent 
change with haloperidol treatment in 
total BPRS scores and the correspond- 
ing ratio for total mMMS scores. The 
change in mMMS scores was not re- 
lated to the change in extrapyramidal 
side effects scores but did correlate 
with the haloperidol dose at the end of 
the haloperidol phase (r= .63, 
P = .09). However, due to the large 
range in baseline mMMS scores, the 
correlation between the ratio of 
change in mMMS/baseline mMMS and 
oral dose was not significant (r = .33). 


COMMENT 


Haloperidol resulted in improve- 
ment in target psychotic and behav- 
ioral symptoms even in this small 
sample. There was a slight increase in 
psychopathology during the placebo 
phase that immediately followed halo- 
peridol. While there were no consis- 
tent changes in general somatic side 
effects and activities of daily life, doses 
of 1 to 5 mg/d of haloperidol produced 
severe extrapyramidal side effects. 
Cognitive function assessed by mMMS 
scores did not change in the initial 
placebo phase, deteriorated with halo- 
peridol treatment, and only partially 
recovered by the end of the final 4-week 
placebo period. The change in mMMS 
scores with haloperidol treatment was 
independent of changes in measures of 
efficacy. 

It appears that standard-dose (1 to 5 
mg daily) haloperidol treatment may 
worsen global cognitive function in 
patients with AD. Of note, three of the 
nine patients had single-digit mMMS 
scores at entry into the study, and the 
resultant floor effect may have limited 
observation of haloperidol effects on 
cognition. In mildly to moderately de- 
mented patients, haloperidol may have 
greater adverse impact on mMMS 
scores. The efficacy and cognitive data 


suggest that haloperidol effects may 
persist for several weeks (4 weeks 
here) following its discontinuation, 
and this is supported by the absence of 
change during the first placebo period. 
Due to practical limitations, this sec- 
ond placebo phase was limited to 4 
weeks. Given haloperidol’s prolonged 
duration of action in other patients 
with psychosis, the neurochemical ef- 
fects of haloperidol in the brain are 
likely to persist for up to 6 to 8 weeks 
following discontinuation of the drug. 

Neuroleptic drugs improve some as- 
pects of cognitive performance in 
schizophrenia," though this may be a 
secondary effect of clinical improve- 
ment. In healthy subjects, however, 
there is a dose-related impairment in 
motor coordination, attention, and 
concentration with single-dose or 
short-term neuroleptic administra- 
tion. Neuroleptics have anticholin- 
ergic properties that can produce cog- 
nitive impairment. This would be 
likely in a disorder like AD, which is 
associated with decreased cholinergic 
transmission. Thioridazine has been 
reported to worsen MMS scores in two 
patients with AD,” though another 
preliminary report found that low- 
dose intramuscular fluphenazine had 
no effect on MMS scores.'* While halo- 
peridol has low anticholinergic prop- 
erties, it still adversely affected cogni- 
tive function in this study. 

The doses of haloperidol adminis- 
tered in this study are frequently used 
to treat psychotic and behavioral 
symptoms in demented patients.’ It is 
a common, although never rigorously 
tested, view that low doses of neuro- 
leptics retain efficacy while avoiding 
the side effects associated with higher 
doses.'? In contrast to the findings re- 
ported here, a recent uncontrolled 
study found that low doses of paren- 
teral fluphenazine decanoate were ef- 
ficacious without significantly altering 
MMS scores in 10 patients with AD." 

The development of extrapyramidal 
side effects may have unblinded family 
members. This problem was not fully 
addressed by use of a “blind” rater of 
videotapes, as these ratings were 
based on observation of family mem- 
ber interviews. The effect on cognition, 
however, was not subject to this bias. 
The use of family member reports for 
the major analysis of efficacy is rela- 
tively novel in this domain’ but was 
adopted because this was an outpa- 
tient study. In fact, this method may 
have resulted in more reliable and 
valid findings than reliance on the re- 
ports of patients with dementia. 

Psychosis and behavioral distur- 
bance are common in AD, and a large 
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number of patients are treated with 
neuroleptics.* There is a paucity of 
information on the efficacy of neuro- 
leptics in the treatment of target psy- 
chopathology in dementia.” Standard 
doses of haloperidol were clinically ef- 
fective in AD, but resulted in severe 
extrapyramidal side effects and cogni- 
tive deterioration. In most cases, both 
the physician and family members felt 
that the benefits outweighed the side 
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effects. Seven of the nine patients were 
continued on neuroleptics at the end of 
the study, usually at a lower dose than 
that used at the end of the haloperidol 
phase. 

This study is limited by its sample 
size and replication is necessary. How- 
ever, significant effects were obtained 
even in this small sample. These re- 
sults have led us to begin a larger dou- 
ble-blind study that involves a place- 
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Brief Loss of Consciousness 
in Bilateral Carotid Occlusive Disease 


Takehiko Yanagihara, MD; Donald W. Klass, MD; David G. Piepgras, MD; O. Wayne Houser, MD 


è Loss of consciousness is rare in the 
absence of transient or persistent insult to 
the diencephalon or mesencephalon. We 
found three patients with severe athero- 
sclerotic stenosis or occlusion of both in- 
ternal carotid arteries who experienced 
brief loss of consciousness. Common 
characteristics were the absence of clini- 
cal or electroencephalographic seizure 
activities, significant cardiovascular dis- 
ease, or a history suggestive of vasovagal 
Syncope. Angiographically, the patients 
had widely patent vertebrobasilar circula- 
tion and collaterals from vertebrobasilar 
to carotid circulation. Episodic loss of 
consciousness disappeared after carotid 
endarterectomy. We concluded that bilat- 
eral hemispheric ischemia caused brief 
loss of consciousness, but selective focal 
ischemia in the subcortical structures su- 
perimposed on widespread bihemispheric 
ischemia may have been responsible. 
Since loss of consciousness is rare in ca- 
rotid occlusive diseases, systemic and 
vertebrobasilar causes must be carefully 
ruled out in each instance. 

(Arch Neurol. 1989;46:858-86 1) 


(Consciousness is controlled by the 
reticular formation in the brain 
stem and its ascending pathways. In 
1951 Thompson! observed, from cases 
studied at autopsy, that alteration of 
consciousness or coma occurred among 
patients with thromboembolic is- 
chemia or infarction near the border 
between the mesencephalon and dien- 
cephalon. Since then, the pathophysi- 
ologic mechanism of coma has been 
well studied by Plum and Posner.? 
While coma and akinetic mutism are 
recognized to accompany widespread 
bilateral hemispheric diseases or an 
insult to both cingulate gyri, it is not 
well known that brief loss of conscious- 
ness may occur as a transient ischemic 
episode in patients who have bilateral 
atherosclerotic carotid occlusive dis- 
ease. This prompted us to present 
three such cases and to consider the 
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possible pathophysiologic mechanism. 
These cases have been reported in ab- 
stract form.’ 


REPORT OF CASES 


CasE 1.—A 16-year-old right-handed 
man was evaluated in 1982 because of two 
episodes of loss of consciousness. The first 
occurred eight months earlier while he was 
sitting and playing cards. He suddenly fell 
to his left off the chair and was unconscious 
for a few minutes. He was limp; seizure ac- 
tivity was absent; and his pulse was regular 
during that time. When he regained con- 
sciousness, he was oriented and had no ob- 
vious weakness. Five months later, while 
sitting, he suddenly uttered “What’s hap- 
pening now” and slumped to his left. He was 
unconscious for 5 minutes or less. Again, he 
was limp and seizure activity was absent. 
When he regained consciousness, he was 
fully oriented without focal symptoms or 
signs. For 2 years he had noted steady tin- 
nitus in both ears, like a teapot whistling. 
He recalled that the tinnitus became louder 
just before each episode of unconsciousness. 
He was taking 325 mg of aspirin a day. 
Findings of neurologic examination were 
unremarkable except for a loud systolic-di- 
astolic bruit in the right carotid distribu- 
tion and a mild to moderate systolic bruit in 
the left carotid distribution. Neither ortho- 
static hypotension nor cardiac arrhythmia 
was noted. 

Oculoplethysmography indicated reduc- 
tion of carotid blood flow bilaterally. Elec- 
troencephalography revealed intermittent 
semirhythmic 1- to 3-Hz waves over the 
posterior head regions and short bursts of 
bisynchronous diffuse 1- to 2-Hz activity 
maximal over the anterior head regions. 
Findings of electrocardiography (ECG) and 
24-hour ambulatory ECG monitoring were 
unremarkable. Findings of cranial com- 
puted tomography were also unremarkable. 
Transfemoral cerebral angiography re- 
vealed severe bilateral segmental stenosis 
of the internal carotid arteries (ICAs) just 
distal to the origin but more severe on the 
left side (Fig 1). Intracranially, slow flow 
was manifested by delayed filling of the left 
middle cerebral artery (MCA) complex (Fig 
1B). A similar but less remarkable delay 
was evident on the right side. Both anterior 
cerebral arteries (ACAs) were filled by the 
right ICA (Fig 1A). The lenticulostriatal 
and anterior choroidal arteries were opac- 
ified bilaterally. The vertebrobasilar circu- 
lation was unremarkable, but splenial ar- 
terial collateral filled the pericallosal ar- 
teries (Fig 2), particularly on the left side, 
and the left MCA complex was filled 
through the left posterior communicating 
artery. 

The patient underwent bilateral carotid 


endarterectomies 3 weeks apart. Postoper- 
atively, tinnitus disappeared and the pa- 
tient remained asymptomatic during fol- 
low-up for 5 years. 

CasE 2.—A 67-year-old right-handed 
woman was evaluated in 1982 for com- 
plaints of episodic loss of consciousness and 
forgetfulness. For 2 years she had experi- 
enced a pounding sensation in her left ear, 
and for 6 months she had had blurred vision 
in her right eye. In the previous 3 to 4 
months, several episodes of sudden loss of 
consciousness and falls were witnessed by 
her family members. They occurred while 
walking, and loss of consciousness lasted 
for 60 to 90 seconds, but no seizure activity 
was observed. When she regained con- 
sciousness, she seemed normal to people 
around her. For 3 to 4 months, she had had 
some trouble in recall of conversation with 
other people. There was no history of cere- 
brovascular or cardiovascular disease. 
Findings of neurologic examination were 
unremarkable except for a loud systolic-di- 
astolic bruit in the left carotid distribution 
and venous stasis retinopathy in her right 
eye. Her response to questions was some- 
what slow, but her mental status was satis- 
factory except for mild impairment in her 
ability to calculate. Orthostatic hypoten- 
sion and cardiac arrhythmia were absent. 

Oculoplethysmography revealed reduced 
carotid blood flow bilaterally. Cranial com- 
puted tomography depicted a wedge-shaped 
area of decreased attenuation in the left 
posterior parietal region. Findings of ECG 
were unremarkable. Transfemoral cerebral 
angiography revealed proximal occlusion of 
the right common carotid artery near its 
origin from the innominate artery and se- 
vere stenosis of the left ICA at its origin. 
Intracranially, there was slow flow from the 
left ICA to the left ACA and MCA. The 
right ACA and the right MCA filled in part 
through collaterals from the left ICA (Fig 
3). The lenticulostriatal and the anterior 
choroidal arteries were visualized on the 
left side but not on the right side. Although 
there were scattered atheromas, the verte- 
brobasilar circulation was widely patent 
and splenial collateral opacified the distal 
pericallosal and precuneal arteries (Fig 4). 
The right ACA and the right MCA were also 
opacified by collateral through the right 
posterior communicating artery (Fig 4). 
Cerebral blood flow measurement by the 
xenon 133 inhalation method’ revealed 
mildly reduced gray matter flow in the right 
frontoparietal region and borderline flow in 
the corresponding area on the left side. 
Electroencephalography performed just 
before carotid endarterectomy showed mild 
focal slow wave activity and attenuation of 
background rhythms in the left temporo- 
parietal region. 


Carotid Occlusive Disease— Yanagihara et al 


í 


The patient underwent a left carotid en- 
darterectomy. Two days after surgery, she 
suffered a left frontal intracerebral hemor- 
rhage, which was attributed to postendar- 
terectomy hyperemia, with resultant ex- 
pressive aphasia. However, her speech 
gradually improved over a period of 18 
months. No further episode of loss of con- 
sciousness occurred after surgery. 

Case 3.—A 73-year-old right-handed 
man was evaluated in 1983 because of re- 
cent episodes of loss of consciousness and 
blurred vision. One year earlier, he first 
noted blurred vision and was found to have 
bilateral venous stasis retinopathy. He de- 
clined further evaluation at that time. 
Seven months before his visit, he briefly 
blacked out and fell, but he might have 
slipped on stairs. Six months before his 
visit, he experienced one episode of diffi- 
culty in verbal expression lasting for 2 to 3 
minutes. Two months before his visit, he 
stood up, felt light-headed, and lost con- 
sciousness for several seconds. When he re- 
gained consciousness, he could not respond 
to questions for several minutes. Six weeks 
before his visit, he lost consciousness again 
for a few seconds on standing up. No seizure 
activity was observed during the spells. He 
was taking 325 mg of aspirin a day and also 
hydrochlorothiazide and triamterene for 
hypertension. Findings of neurologic exam- 
ination were unremarkable except for bi- 
lateral venous stasis retinopathy. The pa- 
tient’s blood pressure was 160/80 mm Hg in 
the supine position and 140/80 mm Hg on 
standing. 

Oculoplethysmography indicated bilat- 
eral reduction of carotid blood flow. Cranial 
computed tomography showed moderate 
generalized cerebral atrophy. Electroen- 
cephalography revealed intermittent dif- 
fuse 2- to 5-Hz activity but no epileptogenic 
abnormality. An ECG showed ventricular 
premature complexes. Twenty-four-hour 
ambulatory ECG monitoring revealed fre- 
quent ventricular premature complexes 
without evidence of bigeminy or ventricular 
tachycardia. The patient reported no car- 
diac symptoms during the monitoring. 
Transfemoral cerebral angiography por- 
trayed severe ulcerative stenosis of the 
proximal right ICA and occlusion of the left 
ICA at its origin. Intracranially, blood flow 
to the left cerebral hemisphere was slow 
and supplied by the left ophthalmic arterial 
collateral. Blood flow to the right cerebral 
hemisphere through the stenosed ICA was 
also delayed, but to a lesser extent. While 
the lenticulostriatal arteries and the ante- 
rior choroidal artery were visible on the 
right side, they were not identifiable on the 
left side. The vertebrobasilar circulation 
was unremarkable but filled the left ACA 
and MCA complex through the left poste- 
rior communicating artery and the right 
MCA to a lesser extent. 

The patient underwent right common 
and internal carotid endarterectomy. Post- 
operatively, he remained asymptomatic 
during follow-up for 1 year. 


COMMENT 


Common characteristics among our 
three patients were brief loss of con- 
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Fig 1.—Lateral views of the carotid angiogram of patient 1 showing severe segmental stenosis 
in the right (A) and left (B) internal carotid arteries near the origin (arrows). An ulceration is seen 
on the left side (B). Intracranially, delayed filling of the middle cerebral artery complex, compared 
with filling of the external carotid arterial branches, occurs on both sides but more on the left. Both 
anterior cerebral arteries fill from the right injection. 


sciousness coexisting with angio- 
graphic evidence of bilateral severe 
stenosis or occlusion of the ICA, a 
widely patent vertebrobasilar circula- 
tion, and collaterals from the verte- 
brobasilar to carotid circulation bilat- 
erally. Also common were the absence 
of clinical or electroencephalographic 
seizure activities, of significant cardio- 
vascular causes except for mild sys- 
temic orthostatic hypotension and 
ventricular premature complexes in 
one patient, and of clinical descrip- 
tions suggestive of vasovagal syncope. 
Episodic loss of consciousness disap- 
peared after carotid endarterectomy. 
It is well known that loss of con- 
sciousness occurs in some patients 
with vertebrobasilar occlusive disease. 
Among 18 patients whose basilar oc- 
clusive disease was confirmed at au- 
topsy, Kubik and Adams‘ noted a his- 
tory of loss of consciousness at the 
time of hospitalization in 7 patients. 
Five of them had occlusion of the upper 
half of the basilar artery, including the 
distal end. In a series of 39 consecutive 
patients with infarction in the verte- 
brobasilar territory, Patrick et al° ob- 
served 6 patients with loss of con- 
sciousness. Coma is very common 
among patients with paramedian tha- 
lamic infarcts in the acute phase.’ 
Symptoms suggestive of verte- 
brobasilar insufficiency have been re- 
ported in patients with unilateral or 
bilateral carotid occlusive disease. 
Ueda et alë observed symptoms indica- 
tive of vertebrobasilar transient is- 
chemic attack in 21 of 39 patients who 
had more than 60% stenosis and ul- 
ceration or occlusion of one or both 


ICAs, but a normal vertebrobasilar- 
subclavian circulation. While blackout 
was described as one of the symptoms, 
the details, including the actual num- 
ber of patients with blackout and their 
circumstances, were not recorded. A 
carotid-basilar steal effect was dis- 
cussed as a possible mechanism. Thiele 
et al’ observed vertebrobasilar is- 
chemic symptoms in 5 of 109 patients 
with atherosclerotic carotid disease, 
but loss of consciousness was not spe- 
cifically mentioned. Wade et al'° found 
6 patients with histories compatible 
with vertebrobasilar transient is- 
chemic attack among 74 patients with 
atherosclerotic occlusion of both ICAs. 
Drop attacks occurred in 3 and pre- 
syncopal symptoms with dizziness oc- 
curred in 3. However, clear loss of con- 
sciousness was not reported. One of 4 
patients described by Stark and 
Wodak"! experienced loss of conscious- 
ness after standing. However, this pa- 
tient had both bilateral vertebral ar- 
tery disease and severe bilateral ca- 
rotid stenosis. 

Bogousslavsky and Regli’’ described 
12 patients with unilateral or bilateral 
ICA occlusion or tight stenosis who 
experienced transient ischemic at- 
tacks suggestive of vertebrobasilar in- 
sufficiency. Drop attacks without syn- 
cope were reported in 3 patients, but 
loss of consciousness was not men- 
tioned. Based on their angiographic 
observation of the blood flow gradient 
from vertebrobasilar into carotid cir- 
culation, they also suggested verte- 
brobasilar to carotid steal as the cause 
of vertebrobasilar insufficiency. The 
same authors” later observed syncope 
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Fig 2.—A lateral view of the left vertebral an- 
giogram of patient 1 showing good filling of the 
basilar artery and the posterior cerebral arte- 
ries. The pericallosal arteries fill by splenial ar- 
terial collaterals. The middle cerebral artery 
complex on the left side is opacified via the left 
posterior communicating artery. 


in 37% of patients with unilateral wa- 
tershed cerebral infarcts, but the ma- 
jority of patients also had hemody- 
namically significant heart disease, 
hypotension, or elevated hematocrit. 
In another series of patients with wa- 
tershed infarcts, they observed that 
54% had symptomatic heart disease 
and that 79% of those with sympto- 
matic heart disease experienced syn- 
cope, suggesting that a close relation 
was present between syncope and car- 
diac disease even though the patients 
had unilateral or bilateral carotid oc- 
clusive disease. 

Bilateral occlusion of the ICA at the 
siphon also may occur in moyamoya 
disease. Loss of consciousness has been 
observed in 3 of 38 adult patients with 
moyamoya disease as a cardinal symp- 
tom in one series‘ and in 8 of 15 adult 
patients as a part of the symptom 
complex in another.'* However, the 
characteristics of the affected arteries 
and the nature of collateral circulation 
are quite different in moyamoya dis- 
ease, and the pathophysiologic mecha- 
nism for loss of consciousness may not 
be similar. Thus, loss of consciousness 
associated with unilateral or bilateral 
atherosclerotic carotid occlusive dis- 
ease appears to be very rare in the ab- 
sence of a systemic cause for hypoper- 
fusion. 

The pathophysiologic mechanism 
for brief loss of consciousness in our 
patients is uncertain. While the carot- 
id-basilar steal phenomenon*? may be 
responsible, the presence of collateral 
blood flow from the basilar to carotid 
circulation alone is not sufficient proof, 
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Fig 3.—An anteroposterior view of the left ca- 
rotid angiogram of patient 2 showing delayed 
intracranial filling on the left side (the right side 
of the photograph). The right anterior cerebral 
artery and, to a lesser extent, the right middle 
cerebral artery are also visualized (the left side 
of the photograph). 


without objective demonstration of 
the focal ischemic site or demonstra- 
tion of the reversal of blood flow within 
the basilar circulation. Another poten- 
tial mechanism is diffuse bilateral 
hemispheric ischemia. Coma has been 
observed among patients with delayed 
postanoxic leukoencephalopathy in as- 
sociation with widespread bilateral 
hemispheric demyelination.” Coma 
and alteration of the level of conscious- 
ness have been observed after closed 
head injury in the presence of wide- 
spread bilateral hemispheric demye- 
lination.'* Coma and semicoma also 
have been observed among patients 
with acute infarction in the dominant 
hemisphere.” Transient loss of con- 
sciousness may occur after intraca- 
rotid administration of amobarbital 
(Wada test), no matter whether it is in 
the dominant or nondominant hem- 
isphere.***! The possibility of infusion 
beyond one cerebral hemisphere exists 
in such instances. Finally, transient 
loss of consciousness and bisynchro- 
nous diffuse slow waves in the electro- 
encephalogram have been induced af- 
ter bilateral compression of the ca- 
rotid arteries.” The pathophysiologic 
mechanism for brief unconsciousness 
in our three patients may be very sim- 
ilar. 

Judging from the cerebral angio- 
graphic finding, the left cerebral hemi- 
sphere of our first patient appeared to 
have considerable hypoperfusion. Fur- 
ther reduction of perfusion to the right 
cerebral hemisphere by thromboem- 
bolism arising from the stenosed site 
in the right ICA may have resulted in 








Fig 4.—A lateral view of the left vertebral an- 
giogram of patient 2 showing widely patent 
vertebrobasilar circulation with splenial collat- 
eral to the pericallosal and precuneal arteries. 
The right anterior cerebral artery is faintly visu- 
alized by reflux through the right posterior 
communicating artery. 


severe ischemia in both cerebral hemi- 
spheres. In the second patient, further 
reduction of blood flow to the left ICA 
may have resulted in severe ischemia 
in both cerebral hemispheres, too. In 
the third patient, further reduction of 
blood flow to the right ICA may have 
resulted in severe bilateral cerebral 
ischemia. Since loss of consciousness 
occurred while walking or on standing 
in our second and third patients, the 
mechanism was likely hemodynamic 
in those cases and possibly due to loss 
of autoregulation, causing further is- 
chemia in the already ischemic areas. 
Mild orthostatic hypotension and even 
cardiac arrhythmia in the third pa- 
tient may have contributed to further 
reduction of hemispheric blood flow. 
However, cardiac arrhythmia and or- 
thostatic hypotension per se did not 
cause loss of consciousness, since epi- 
sodic loss of consciousness in our pa- 
tients disappeared after carotid endar- 
terectomy. Thus, all our patients could 
have had brief loss of consciousness 
caused by severe ischemia in both 
cerebral hemispheres, primarily as the 
result of occlusion or severe stenosis of 
the ICAs. 

An alternative mechanism for the 
brief loss of consciousness of our pa- 
tients is more selective focal ischemia 
superimposed on diffuse bilateral 
hemispheric ischemia. Our patients, 
particularly the first patient, func- 
tioned well in daily activities without 
the persistent symptoms that have 
been seen among patients with severe 
hemispheric hypoperfusion.”?* Cere- 
bral blood flow measurement in the 
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second patient did not reveal profound 
hypoperfusion in the cerebral gray 
matter. Those clinical and laboratory 
findings suggested that selective focal 
ischemia in subcortical structures may 
have been responsible for brief loss of 
consciousness in the presence of wide- 


spread bilateral hemispheric is- 
chemia. The ascending reticular for- 
mation in the brain stem sends its ter- 
minals to the cerebral cortex through 
the thalamus and the subthalamus as 
the diffuse thalamic projection.” 
While no single anatomical site in the 
cerebral cortex has been identified as 
essential for maintenance of con- 
sciousness, it is known that the cingu- 
late gyrus receives the fibers from the 
diffuse thalamic projection and that an 
insult to this structure on both sides 
can result in akinetic mutism***' and 
other behavior disorders, where true 
coma or loss of consciousness may 
precede.**! Coma has been observed 
following surgical occlusion of both 
ACAs.” It is now well recognized that 
there are small arteries originating 
from the anterior communicating ar- 
tery that perfuse the midline forebrain 
structure, including the anterior hy- 
pothalamus, lamina terminalis, septal 
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region, and anterior cingulate gyri.” 
Loss of consciousness and altered level 
of consciousness, including akinetic 
mutism, can occur after rupture of the 
aneurysm of the anterior communicat- 
ing artery and after surgical repair.” 
In addition to damage to the cingulate 
gyri, akinetic mutism also can be ob- 
served after damage to the anterior 
hypothalamus, possibly by destruction 
of the extension of the medial fore- 
brain bundle to the anterior cingulate 
gyri.” 

Therefore, brief loss of conscious- 
ness may ensue if selective focal is- 
chemia disrupts the function of the 
diffuse thalamic projection traversing 
the frontal lobes, the ascending fibers 
from the medial forebrain bundle to 
the anterior cingulate gyri, or focal is- 
chemia of the anterior hypothalamus 
itself. In such circumstances, ischemia 
in the periphery (watershed area) of 
the territories supplied by the ACA 
and its branches, including those orig- 
inating from the anterior communi- 
cating artery, could be the cause of 
brief loss of consciousness. Since our 
patients had bilateral carotid stenosis 
or occlusion, we were unable to deter- 


mine with certainty whether an is- 
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chemic insult to one cerebral hemi- 
sphere was sufficient to cause tran- 
sient loss of consciousness. However, 
this might have occurred if transient 
ischemia happened in the cerebral 
hemisphere where the ACA perfuses 
both ACAs and small arteries origi- 
nating from the anterior communicat- 
ing artery and if there was a structural 
or functional reason for absence of 
collateral blood flow from the opposite 
side. In our patient 1, and perhaps pa- 
tient 3, perfusion to both ACAs may 
have been affected by further reduc- 
tion of perfusion to the right cerebral 
hemisphere, and reduction of perfu- 
sion to the left cerebral hemisphere in 
our patient 2 may have caused hypo- 
perfusion to both ACAs. Further case 
analyses are necessary to firmly estab- 
lish the pathophysiologic mechanism. 
Since loss of consciousness is rare in 
carotid occlusive diseases, systemic 
and vertebrobasilar causes should be 
carefully ruled out before one con- 
cludes that carotid occlusive disease is 
the cause. 
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Hemiballism-Hemichorea 


Clinical and Pharmacologic Findings in 21 Patients 


Richard B. Dewey, Jr, Joseph Jankovic, MD 


è In this series of 21 patients with 
hemiballism-hemichorea we found an iden- 
tifiable cause in all. Unlike most other 
Studies in which stroke was the most 
important cause of the movement disor- 
der, in almost half (10 of 21) of our patients 
some other cause was found. Hemiballism- 
hemichorea was often the presenting fea- 
ture of underlying medical disease. Be- 
sides the subthalamic nucleus, other sub- 
cortical structures may be involved in the 
pathogenesis of this hemihyperkinesia. 
While the movement disorder often im- 
proves spontaneously or with pharmaco- 
logic therapy, the underlying disease may 
result in serious consequences. 

(Arch Neurol. 1989;46:862-867) 


he terms “hemiballism” and “hemi- 

chorea” are often used inter- 
changeably'’ and designate continu- 
ous, nonpatterned, and involuntary 
movements involving one side of the 
body. Some authors have suggested 
differentiating the two hyperkinetic 
movement disorders based on etiology, 
pathology, and severity.»4 However, 
the difference seems to be more phe- 
nomenologic than pathophysiologic. 
Ballism is characterized by irregular, 
coarse, violent, flinging movements of 
the limbs primarily due to contrac- 
tions of proximal muscles, whereas 
chorea consists of continuous, random, 
jerking movements involving distal 
and proximal muscles.’ Some, includ- 
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ing ourselves, view ballism as a severe 
form of chorea. Many patients with 
hemiballism have choreiform move- 
ments and vice versa, and hemiballism 
often evolves into hemichorea. We, 
therefore, prefer to use the term 
“hemiballism-hemichorea” to de- 
scribe this clinical spectrum. 

To characterize better this uncom- 
mon, but often disabling, neurologic 
disorder, we studied the clinical fea- 
tures and course of hemiballism-hemi- 
chorea, with special emphasis on the 
cause and pharmacologic therapy, in a 
series of 21 patients. While previous 
clinical-anatomic studies have empha- 
sized the correlation between this 
movement disorder and a lesion in the 
contralateral subthalamic nucleus, 
this notion requires reexamination 
considering the recent advances in 
high-resolution neuroradiologic imag- 
ing. 


PATIENTS AND METHODS 


Three thousand eighty-four patients 
have been evaluated at the Baylor Move- 
ment Disorder Clinic, Baylor College of 
Medicine, Houston, Tex, from 1978 to 1987; 
of these, 21 patients (0.7%) had unilateral 
ballistic or choreic movements. Patients 
were Classified according to their degree of 
disability on a scale of 0 to 4 (0 indicates no 
abnormal movements; 1, mild, barely per- 
ceptible abnormal movements; 2, moderate 
abnormal movements, not incapacitating; 
3, moderate abnormal movements, incapac- 
itating; and 4, severely incapacitating ab- 
normal movements). Patients were admit- 
ted to the Neurosensory Center, and com- 
puted tomographic scans or magnetic 
resonance imaging were obtained in all. 
Varying degrees of response to drug ther- 
apy were assigned numerical values on a 
scale of 1 to 5 to facilitate comparison of 
drug efficacy (1 indicates marked reduction 


in abnormal movements, excellent im- 
provement in function; 2, moderate reduc- 
tion in abnormal movements, very good 
improvement in function; 3, fair improve- 
ment in the abnormal movements, only 
mild improvement in function; 4, poor or no 
improvement of movement or function; and 
5, worsening of the movement disorder and 
some deterioration in function). Patients 
were videotaped before and, whenever pos- 
sible, during the treatment to aid in assess- 
ment of their response. 


RESULTS 


There were 21 patients, 11 males and 
10 females. The mean age at onset of 
the abnormal movements was 48 years 
(range, 13 to 78 years). Ten patients 
were 55 years old or older, and of this 
group, 9 patients had suffered previous 
stroke, considered the probable cause 
of their movement disorder. Of the 11 
patients younger than 55 years, stroke 
was causally linked to the abnormal 
movements in only 1 patient (Table 33; 
Other causes of the hemiballism-hemi- 
chorea in our series included cerebral 
abscess, metastatic carcinoma, ac- 
quired immunodeficiency syndrome, 
encephalitis, cystic glioma of the mid- 
brain, Sydenham’s chorea, central ner- 
vous system lupus, hemorrhage fol- 
lowing arteriovenous malformation 
resection, and neonatal anoxic brain 
injury. 

The onset of abnormal movements 
occurred suddenly after the acute 
brain insult in 15 patients. In the 
remaining 6, the movements worsened 
gradually over a period of 3 weeks to 


12 years or began following a latency ¥ 


period ranging from 1 month to5 years 
(Table 1). 

Only 2 patients had pure hemibal- 
lism (unilateral ballistic movements), 
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and only 2 had pure hemichorea. Eight 
had the combination hemiballism- 
hemichorea, and the remaining 9 had 
other combinations of abnormal move- 
ments (Table 2). The arm and leg were 
involved in all patients except for 3 in 
whom the leg was spared. Bilateral 
hemiballism was noted in 2 patients, 
both with bilateral basal ganglia dam- 
age as observed by computed tomo- 
graphic or magnetic resonance imag- 
ing scans. In 1 patient hemichorea al- 
ternated from the right to the left side 
and was caused by exacerbations and 
remissions of central nervous system 
lupus (patient 21). 

In most cases the abnormal move- 12/34/F Transient ischemic attack or None 
ments were continuous during the 13/42/F Encephalitis Nonet 
waking state, could be volitionally sup- 14/78/M Cerebral metastases Gradual Perphenazine 
pressed only momentarily, and disap- : oe 
peared during sleep. In 5 patients, 15/13/M Sydenham's onored. ta Te Clonazepam 
however, the movements were inter- 16/31/F Neonata! anoxic brain injury None 
mittent (Table 2). Most patients had 17/24/M Cystic glioma of midbrain Gradual Levodopa, trihexyphenidy! 


7 z à hydrochloride 
moderately severe and disabling invol- 


Table 1.—Cause and Course of Hemiballism-Hemichorea in 21 Patients 


Patient/ Age, 
y/Sex Probable Cause Latency * “Best” Drug 


1/36/F Stroke Phenytoin 
2/75/M Stroke Haloperidol 
3/70/F Stroke Reserpinet 
4/60/F Stroke None 
5/63/M Stroke Bromocriptinet 
6/72/F Stroke Haloperidol 
7/55/M Stroke 2⁄2 y Clonazepam 
8/56/M Stroke Nonet 
9/56/M Stroke Reserpine 
10/70/F Stroke Gradual Haloperidol 


11/49/M Unknown, assumed stroke Amitriptyline 
hydrochloride 
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untary movements (Table 2). Muscle i aes Erongo ee 6 ap zz Reserpine 

tone was decreased in the affected 
limbs in 2 of 14 patients and increased 
in 4 of 1. Hyperreilexia was noted i 
the affected limbs of 5 of 16 p atients; * Latency was considered the period between initial injury and onset of hemiballism-hemichorea. In patients 
hyporeflexia was not observed. Abnor- 10, 14, and 17, symptoms worsened gradually over time. CNS indicates central nervous system; AIDS, acquired 


mal sensory function was presentin 7 immunodeficiency syndrome. 
of 17 patients in 6 of these the sensory +tSpontaneous improvement occurred, and no pharmacologic maintenance therapy was needed. 
, 


Table 2.—Clinical Features of 21 Patients With Hemiballism-Hemichorea 


Main Hyperkinesia 
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Patient Ballism Chorea Other Movement Disorder Involvement” Sidet Disabilityt 
1 + + Dystonia, athetosis A, L, H L 4 


nm 
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— None A, L 
Dystonia FA, A, L, H, FO 
None A, L, H, FO 


oa; > | Wd 
+/+ |+ 


Dystonia, oromandibular-lingual MVTS movements FA, A, H 


Athetosis A, L, H, FO 
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Dystonia, segmental myoclonus, parkinsonism N, A 


Dystonia N, A, L, H 
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Dystonia, blepharospasm, orobuccal movements FA, N, A, L, H, FO 
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None 
None A, L, H, FO 
Pseudoballism Ask 
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ow 
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Dystonia, athetosis, oromandibular twitching FA, A, L 
None A, L, H, FO 
Dystonia, athetosis FA,N,A,L,H, FO 
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Dystonia, athetosis A, L 
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5- to 7-Hz intention, resting tremor A, L 
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Dystonia A, L, H 
Right facial grimacing FA, A, L 
None A, L 


None A, CLH, FO 


*FA indicates face; N, neck; A, arm; L, leg; H, hand; and FO, foot. 
tR indicates right; L, left; B, bilateral; R, L, initially only on the right, then only on the left. 


According to our disability scale, O indicates no abnormal movements; 1, mild, barely perceptible abnormal movements; 2, moderate abnormal movements, not in- 
capacitating; 3, moderate abnormal movements, moderately incapacitating; and 4, severely incapacitating abnormal movements. 
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Table 3.—Computed Tomographic and Magnetic Resonance Imaging Findings in 21 
Patients With Hemiballism-Hemichorea 


Patient No Brain Imaging Study Results 
Left frontoparietotemporal lucency 








1 


























8 Lucency in right diencephalon (thalamus, subthalamus) suggesting infarct 
9 Old infarct in left frontal lobe and left basal ganglia 
10 Possible hypodensity left subthalamus, study complicated by overlying vessel 
11 Normal except for slight enlargement of sulci, superior cerebral convexities 
Normal, ventricles at the upper limit of normal for size 
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Table 4.—Response of Hemiballism-Hemichorea to Pharmacologic Therapy 






No. of Patients Mean “Best” Drug for 
Drug Treated Response Rating * No. of Patients 
Amantadine hydrochloride 1 4 0 







Amitriptyline 1 1 1 






Baclofen 


Bromocriptine 







Clonazepam 







Clorazepate dipotassium 1 4 
Fiorinal 1 4 0 
Fluphenazine 1 4 o 










Haloperidol 
Levodopa, carbidopa 


Methyldopa 1 3 (0) 







Perphenazine hydrochloride 






Phendimetrazine tartrate 






Phenytoin 






Pimozide 


Propranolol hydrochloride 






Protriptyline hydrochloride 






Reserpine 5 





Tetrabenazine 1 5 0 


Trihexyphenidy! hydrochloride 3 3 1 


Valproic acid 3 4 0 









* Response rating scale is as follows: 1, marked reduction in abnormal movements, excellent improvement 
in function; 2, moderate reduction in abnormal movements, very good improvement in function; 3, fair improve- 
ment in the abnormal movements, only mild improvement in function; 4, poor or no response in terms of move- 
ment or function; and 5, worsening of the movement disorder and some deterioration in function. 
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deficit was on the same side as the ab- 
normal movements. 

In 5 patients, a contralateral sub- 
thalamic nucleus lesion was found on 
computed tomographic or magnetic 
resonance imaging scans (Table 3). In 
7, other basal ganglia lesions were 
noted, and in 9 the imaging studies 
were either normal or showed nonspe- 
cific changes. 

Because of the retrospective nature 
of the study, it was impossible to as- 
sess accurately the response to various 
pharmacologic trials. As many as 12 
different drugs were used by some pa- 
tients during the course of their ill- 
ness. Nine different drugs were con- 
sidered the best drug (defined as that 
drug which produced the greatest re- 
duction in abnormal movements and 
was therefore continued) for a partic- 
ular patient; haloperidol was the best 
drug in 5 patients, reserpine in 3, and 
clonazepam in 2 (Table 4). In 1 patient 
stereotaxic thalamotomy of the ven- 
trolateral nucleus was carried out with 
complete remission of the ballistic 
movements previously refractory to 
medical management (patient 4). 


COMMENT 


Contrary to previous reports, our 
study indicates that hemiballism- 
hemichorea has a diverse etiology, and 
subcortical structures other than the 
basal ganglia are important in its 
pathogenesis. The mean age at onset, 
48 years, in our patient group is con- 
siderably lower than that in other 
studies (Table 5). The mean age in the 
group of 11 patients reported by Kla- 
wans et alf was 67 years, in the group 
of 8 patients reported by Johnson and 
Fahn,’ 75 years, and in Whittier’s® lit- 
erature review of 30 patients, 64 years. 
In all cases of the first two studies and 
in most cases reviewed by Whittier, 
the cause of the abnormal movements 
was stroke. In those 10 patients in our 
study who suffered stroke, the mean 
age was 61 years, an age more consis- 
tent with those previously reported. 
However, almost half of our patients 
(10 of 21) had abnormal movements 
from causes other than stroke, and this 
subset was a much younger group of 
patients (mean age, 34 years) (Table 1). 

In contrast to previous reports, the 
pathoanatomy of hemiballism is 
variable,” and only 5 of our patients 
had a lesion in the region of the sub- 
thalamic nucleus***!*"’ (Fig 1). Rare 
cases of hemiballism with an ipsilat- 
eral brain lesion have been reported, 
but contralateral basal ganglia lesions 
were also present.'® Moersch and 
Kernohan' have reported a patient 
with severe left-sided hemiballism as- 





Table 5.—Multipatient Series of Hemiballism-Hemichorea 


Mean Age No. of No. of Patients 
No. of at Onset, y Stroke With Combination 


Present series 


*Combined movement disorders included hemiballism, hemichorea (and hemidystonia). 


sociated with ipsilateral subthalamic 
nucleus infarction without contralat- 
eral basal ganglia lesions. To explain 
the occurrence of ipsilateral hemibal- 
lism, Dierssen et al’ have postulated 
that the ipsilateral lesion plays a “re- 
leasing” role allowing the old con- 
tralateral basal ganglia lesion, which 
was formerly silent, to be expressed. 
Tognetti and Donati” have suggested 
that damage to the connections be- 
tween the two subthalamic nuclei can 
result in abnormal function of the 
contralateral subthalamic nucleus. 
Infarction in the caudate,” 
striatum,?"3"62! lenticular nucleus,” 
and thalamus*> have also been asso- 
ciated with hemiballism. Other causes 
of hemiballism or hemichorea include 
transient ischemic attacks,” hyper- 
glycemia,* phenytoin intoxication,” 
thalamotomy,®” tuberculous meningi- 
tis,3* arteriovenous malformations 
and venous angiomas, *%* cerebral 
toxoplasmosis” (Figs 2 and 3), and 
metastatic tumor.“ Additionally, 
these abnormal movements have been 
reported in association with oral con- 
traceptive use,” neurodegenerative 
disease,” multiple sclerosis,'**' head 
trauma,” central nervous system 
lupus,” and as a complication of neu- 
roleptic drug use. We add cystic 
glioma of the midbrain and acquired 
immunodeficiency syndrome as other 
causes of these abnormal movements. 
The pathophysiology of hemiballism 
is still poorly understood. Lesions of 
the subthalamic nucleus of injections 
of gamma aminobutyric acid antago- 
nist into the subthalamic nucleus of 
conscious monkeys™ cause contralat- 
eral hemiballism-hemichorea presum- 
ably by reducing the normal excitatory 
drive from the subthalamic nucleus to 
the internal segment of the globus 
pallidus. This reduces the inhibitory 
output of the globus pallidus on the 
thalamus, and this “disinhibition” 
gives rise to excessive excitatory drive 
to the cortex, which is expressed as 
contralateral hyperkinetic move- 
ments. However, as noted before, this 
disorder often appears in the absence 
of lesion in the subthalamic nucleus. 
Klawans et alf found increased levels 
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Patients Movement Disorder” 


of cerebrospinal fluid homovanillic 
acid, a dopamine metabolite, in three 
of their patients with hemiballism. 
They suggested that increased dopam- 
inergic transmission might play a role 
in the pathophysiology of this disor- 
der. This hypothesis is supported by 
the observation that dopamine block- 
ers and catecholamine depleting Fig 1.—Computed tomographic scan of patient 
agents often improve hemiballism.*** 8 with left hemiballism showing right thalamic- 
The increased cerebrospinal fluid ho- subthalamic infarct. 

movanillic acid level indicates in- 
creased dopamine turnover in nigral 
neurons. This suggests that the sub- 
stantianigraandthe nigrostriatal path- 
way must be spared for ballistic move- 
ments to occur.'**” One mechanism by 
which striatal damage could produce 
hemiballism, therefore, is disinhibi- 
tion of the substantia nigra (resulting 
in increased striatal dopamine). Argu- 
ing against this hypothesis, however, 
are studies in both monkeys® and 
humans! showing that lesions of the 
substantia nigra do not abolish pre- 
existing ballistic movements. 

While hemichorea or hemiballism 

may occur independently, the two 
movement disorders are usually com- 
bined (Table 5). Johnson and Fahn’ 
noted that all 8 of their patients had 
hemichorea, and 5 also had hemibal- Fig 2.—Computed tomographic scan of patient 
lism. Of the 11 patients described by 20 with right hemiballism showing left basal 
Klawans et al,’ 5 had pure hemibal- ganglia and thalamic lucency caused by toxo- 
lism, 2 had pure hemichorea, and 4 haa plasmosis abscess associated with acquired 
ballistic and choreiform movements. RT RCN ITTY AUNTS. 
Hyland and Forman’ studied 14 pa- 
tients, all of whom had hemiballism; 
only 1 also had hemichorea. In our 
group, 17 of 21 patients had at least 
two kinds of abnormal movements. 
Other movement types included dys- 
tonia, athetosis, orofacial movements, 
myoclonus, parkinsonian tremor, and 
bradykinesia. The 4 patients with only 
one movement disorder could not be 
differentiated from those with mixed 
motor disorders on the basis of any 
other characteristics we examined. 

Among the 10 patients with stroke, 








Fig 3.—Computed tomographic scan of patient 
21 with right hemiballism showing left frontal 
enhancing lesion caused by toxoplasmosis 
abscess associated with acquired immunode- 
ficiency syndrome. 
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most had ballistic movements. In con- 
trast, of those patients with another 
cause of their movement disorder, 
most of these had hemichorea as one 
manifestation of their disease. On the 
surface this finding might be inter- 
preted to suggest that hemiballism 
and hemichorea are symptoms of dif- 
ferent diseases, hemiballism being as- 
sociated more often with stroke in eld- 
erly patients, and hemichorea being 
found more frequently as the result of 
other underlying diseases in younger 
patients. This notion has, in fact, been 
advocated in the past.' On closer in- 
spection, however, our results actually 
militate against this conclusion be- 
cause half of these patients had ballis- 
tic and choreiform movements of their 
extremities, indicating that the same 
disease process can give rise to both 
types of abnormal movements. Thus, 
while hemiballism and hemichorea are 
distinguishable based on the type and 
distribution of movements, they rep- 
resent two different symptoms or a 
spectrum of the same basic disease 
processes. Why one patient with basal 
ganglia dysfunction develops hemibal- 
lism, and another with similar patho- 
logic change, hemichorea, is unknown. 
In some patients, ballism, a coarse 
proximal movement, evolves into more 
distal and lower amplitude chorea. 
Athetosis is considered a slow form of 
chorea, often evolving further into 
dystonia. In fact, unilateral choreic or 
athetotic movements were initially 
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prominent in two of our patients, but 
eventually hemidystonia® surfaced as 
the predominant movement disorder 
(patients 5 and 16). 

The prognosis of our patients was 
generally good. Four died—one of 
metastatic adenocarcinoma of the lung 
(patient 14), one after a long stay ina 
nursing home in a comatose state (pa- 
tient 3), and two of acquired immu- 
nodeficiency syndrome (patients 19 
and 20). Sixteen patients improved 
with medications, and 5 had spontane- 
ous improvement at some point in 
their illness. Of those patients with 
spontaneous remissions, 3 had stroke, 
1 encephalitis, and 1 central nervous 
system lupus; complete and permanent 
remission occurred only in the patient 
with encephalitis (Table 1). 

These results confirm earlier 
reports’ that stroke is the most com- 
mon underlying cause in patients who 
have spontaneous improvement of 
their hemiballism-hemichorea. In 
such cases, the infarct or hemorrhage 
is probably associated with edema, 
which, by a direct pressure effect, ren- 
ders the relevant brain centers rela- 
tively ischemic, resulting in involun- 
tary movements. As the edema 
surrounding the infarct recedes, reper- 
fusion of these compromised, but still 
viable, areas occurs with resultant dis- 
appearance of the movement disorder. 
Similarly, spontaneous improvement 
in the patients with encephalitis and 
central nervous system lupus may 
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For most patients with Parkinson's disease 
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Dosage Guidelines 
Individualized dosage—a key to clinical 
success with SINEMET 

è begin when symptoms first interfere with 
normal function 

è adjust as necessary to help maintain relief 
of symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 


If still more levodopa is necessary, dosage 
with SINEMET 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets 
a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 


containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may 
be given separately or combined as needed 
to provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 
The starting dose for SINEMET should pro- 
vide about 25 percent of previous levodopa 
requirements. (Patients receiving less than 
1500 mg of levodopa a day should be 
started on one tablet of SINEMET 25-100 

t.i.d. orq.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 


CAH my ee wee = ET TEISI taaa 





For many BaKinsonish rater when symptoms first impair normal FUNEtION 





Sinemet 


(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse re- 
actions, it is necessary to individualize therapy. 
See the WARNINGS (below) and DOSAGE AND AD- 
MINISTRATION sections in the Prescribing Infor- 
mation before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET 
should not be given concomitantly. MAO inhibitors 
must be discontinued at least 2 weeks prior to initiating 
therapy with SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levodopa may activate a malignant mela- 
noma, it should not be used in patients with suspicious, 
undiagnosed skin lesions or history of melanoma. 
Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage that will provide approximately 
25 percent of the previous levodopa dosage. (See 
DOSAGE AND ADMINISTRATION section of Prescrib- 
ing Information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless pre- 
scribed. 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brain dopamine following ad- 
ministration of levodopa. All patients should be ob- 
served carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution pa- 
tients with past or current psychoses. Because carbi- 
dopa permits more levodopa to reach the brain and, 
thus, more dopamine to be formed, dyskinesias may 
occur atlower dosages and sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to pa- 
tients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initial 
dosage adjustment, in a facility with provisions for in- 
tensive cardiac care. 

As with levodopa, there is possibility of upper GI 
hemorrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, ele- 
vated body temperature, mental changes, and in- 
creased serum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore, patients should be ob- 
served carefully when the dosage of SINEMET is 
reduced abruptly or discontinued, especially if the pa- 
tient is receiving neuroleptics. 

Usage in Pregnancy and Lactation: Although ef- 
fects of SINEMET on human pregnancy and lactation 
are unknown, both levodopa and combinations of car- 
bidopa and levodopa have caused visceral and skele- 
tal malformations in rabbits. Use of SINEMET in women 
of childbearing potential requires that anticipated ben- 
efits of the drug be weighed against possible hazards 
to mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Children: Safety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations 
of hepatic, hematopoietic, cardiovascular, and renal 
function are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. 

Laboratory Tests: Abnormalities in laboratory tests 
may include elevations of liver function tests such as al- 
kaline phosphatase, SGOT (AST), SGPT (ALT), lactic 
dehydrogenase, and bilirubin. Abnormalities in pro- 
tein-bound iodine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid 
are lower during administration of SINEMET than with 
levodopa. 
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SINEMET® (Carbidopa-Levodopa, MSD) may 
cause a false-positive reaction for urinary ketone 
bodies when atest tape is used for determination of ke- 
tonuria. This reaction will not be altered by boiling the 
urine specimen. False-negative tests may result with 
the use of glucose-oxidase methods of testing for glu- 
cosuria. 

Drug Interactions: Caution should be exercised 
when the following drugs are administered concomi- 
tantly with SINEMET. 

Symptomatic postural hypotension can occur 
when SINEMET is added to the treatment of a patient re- 
ceiving antihypertensive drugs. Therefore, when ther- 
apy with SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. For patients re- 
ceiving monoamine oxidase inhibitors, see CONTRA- 
INDICATIONS (above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from 
the concomitant use of tricyclic antidepressants and 
SINEMET. 

Phenothiazines and butyrophenones may reduce 

the therapeutic effects of levodopa. In addition, the 
beneficial effects of levodopa in Parkinson's disease 
have been reported to be reversed by phenytoin and 
papaverine. Patients taking these drugs with SINEMET 
should be carefully observed for loss of therapeutic 
response. 
Adverse Reactions: Most common serious adverse 
reactions occurring with SINEMET are choreiform, dys- 
tonic, and other involuntary movements. Other serious 
adverse reactions are mental changes including para- 
noid ideation and psychotic episodes, depression 
with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred; how- 
ever, a Causal relationship with SINEMET has not been 
established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irreg- 
ularities and/or palpitation, orthostatic hypotensive 
episodes, bradykinetic episodes (the “on-off” phe- 
nomenon), anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ul- 
cer, hypertension, phlebitis, hemolytic and non-hemo- 
lytic anemia, thrombocytopenia, leukopenia, and 
agranulocytosis have occurred. 

Laboratory tests which have been reported to be 
abnormal are alkaline phosphatase, SGOT (AST), 
SGPT (ALT), lactic dehydrogenase, bilirubin, blood 
urea nitrogen, protein-bound iodine, and Coombs test. 

Other adverse reactions that have been reported 
with levodopa are: Nervous System: ataxia, numbness, 
increased hand tremor, muscle twitching, muscle 
cramps, blepharospasm (which may be taken as an 
early sign of excess dosage, consideration of dosage 
reduction may be made at this time), trismus, activation 
of latent Horner's syndrome. Psychiatric: confusion, 
sleepiness, insomnia, nightmares, hallucinations, de- 
lusions, agitation, anxiety, euphoria. Gastrointestinal: 
dry mouth, bitter taste, sialorrhea, dysphagia, bruxism, 
hiccups, abdominal pain and distress, constipation, di- 
arrhea, flatulence, burning sensation of tongue. Meta- 
bolic: weight gain or loss, edema. Integumentary: 
malignant melanoma (see also CONTRAINDICA- 
TIONS), flushing, increased sweating, dark sweat, skin 
rash, loss of hair. Genitourinary: urinary retention, uri- 
nary incontinence, dark urine, priapism. Special 
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Neurophysiological Evidence of Auditory Channel 


Anomalies in Developmental Dysphasia 


Gerry A. Stefanatos, DPhil; Gary G. R. Green, DPhil, BM, BCh; Graham G. Ratcliff, DPhil 


è Steady-state auditory evoked re- 
sponses to frequency-modulated tones 
were obtained from normal children and 
two groups of children with developmental 
language disorders (developmental dys- 
phasia). Children with predominantly ex- 
pressive language impairment produced 
responses not different from normal chil- 
dren, while children with primary receptive 
language impairment produced responses 
that were markedly diminished, even ab- 
sent. This occurred in recordings from 
either cerebral hemisphere and at mean 
frequency-modulation depths ranging 
from + 20 to + 100 Hz. Pathophysiology of 
auditory mechanisms concerned with fre- 
quency-modulation analysis are particu- 
larly associated with receptive develop- 
mental language impairment and may un- 
derlie associated difficulties in speech 
perception. 

(Arch Neurol. 1989;46:87 1-875) 


[)evelopmental dysphasia refers to a 

collection of disorders in children 
characterized by severe retardation of 
language development in the absence 
of clear causal factors such as hearing 
loss, gross neurological disability, in- 
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tellectual subnormality, or psychiatric 
disorder.' Several studies directed at 
uncovering a basis for the disorders 
have shown that many of these chil- 
dren have particular difficulty in dis- 
criminating speech sounds distin- 
guished acoustically by rapidly chang- 
ing frequency structure,” but the 
nature of this problem and its rela- 
tionship to impaired language devel- 
opment is controversial. According to 
one view, this apparent perceptual dif- 
ficulty is simply one manifestation of a 
higher-order failure in the develop- 
ment of linguistic abilities concerned 
with the phonological and syntactic 
processing of speech and can thus be 
regarded as a consequence of the lan- 
guage disorder.*’ An alternative view, 
however, suggests that the problem is 
attributable to deficient auditory tem- 
poral processing since developmental 
dysphasics are also impaired in the 
perception of rapidly changing non- 
speech sounds.'*!° Such a basic audi- 
tory problem, it has been argued, could 
underlie their language impairment 
by impeding the process by which lin- 
guistically important acoustic cues in 
the speech signal are encoded. Clearly, 
this question has important implica- 
tions for the understanding and treat- 
ment of the disorders. 

The auditory hypothesis has been 
criticized because, as a unitary expla- 
nation, it does not account well for the 
diversity of manifestations of lan- 
guage impairment in developmental 
dysphasia'! and because poor perfor- 
mance on behavioral measures of au- 
ditory temporal processing may, in- 
some instances, be related to factors 
other than language impairment since 
deficits have also been observed in 


clinical populations with normal lan- 
guage development.’* Moreover, there 
appears to be no convincing corrobo- 
rative evidence available from neuro- 
physiological studies employing corti- 
cal auditory evoked response tech- 
niques to support the view that 
disturbances of auditory processing 
systematically exist in developmental 
dysphasia, let alone that an auditory 
disorder is primary. Cortical auditory 
evoked responses recorded at the ver- 
tex frequently show thresholds, ampli- 
tudes, and latencies that are within 
normal limits,'*'* although abnormal 
waveform morphology has been noted 
over temporal areas of the left cerebral 
hemisphere." 

A critical feature of the evoked re- 
sponse studies to date is that they have 
uniformly employed acoustically 
steady-state stimuli, such as pure-tone 
bursts, and since the behavioral evi- 
dence suggests that the perceptual def- 
icits in dysphasics are related to pro- 
cessing rapidly changing frequency in- 
formation, these stimuli may not be 
sufficiently sensitive or, indeed, neuro- 
biologically appropriate probes. Ani- 
mal neurophysiological studies, for ex- 
ample, have demonstrated that a sig- 
nificant population of neurons in the 
central auditory system are relatively 
unconcerned with steady-state stimuli 
such as pure tones but are pref- 
erentially activated by tones with 
stimulus characteristics that are 
temporally varying such as modula- 
tions in frequency.'*'* Analogous fre- 
quency modulation—sensitive mecha- 
nisms have also been observed in the 
human auditory system’ and have 
been distinguished from neurophysio- 
logical mechanisms selectively respon- 
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sive to amplitude modulations in 
sound. 

It has been suggested that frequency 
modulation—sensitive mechanisms 
subserve the analysis of frequency 
transitions in temporally complex 
sounds, including speech.” It seemed 
to us that dysfunction of these mecha- 
nisms may be a possible physiological 
basis for the perceptual difficulties ob- 
served in children with developmental 
dysphasia, and this may be detect- 
able through examination of cortical 
evoked responses to frequency modu- 
lations in sound. We, therefore, exam- 
ined responses evoked by tones whose 
frequency was modulated at 10 Hz, a 
rate that falls within a range relevant 
to the phonetic analysis of speech.” 
Since traditional transient cortical 
evoked responses diminish greatly at 
frequency-modulation rates greater 
than about 1 Hz, we employed a re- 
cently developed steady-state auditory 
evoked response technique that allows 
the study of neural responses to tones 
frequency modulated at more rapid 
rates.” We studied these responses in 
developmentally dysphasic children 
with and without severe receptive lan- 
guage impairment and in a group of 
normal children. 


SUBJECTS AND METHODS 


Twelve children with developmental dys- 
phasia (ages 11 to 16 years) with normal 
hearing thresholds and normal-range non- 
verbal intelligence (IQ, >85) were divided 
into two equal groups on the basis of their 
speech and language profiles. A group with 
expressive developmental dysphasia con- 
sisted of children whose core symptom was 
severe difficulty in producing spoken lan- 
guage. Their expressive language was syn- 
tactically impoverished and their phonemic 
productions were marked by omissions, 
distortions, and substitutions. Language 
comprehension was relatively spared, with 
problems becoming apparent predomi- 
nantly for long or complex sentences. Thus, 
their expressive disabilities formed their 
primary problems with language. A group 
of children with receptive developmental 
dysphasia displayed primary problems in 
understanding language. They exhibited 
marked difficulties in decoding the phono- 
logical and syntactic structure of language, 
resulting in gross language comprehension 
deficits, which, because of the developmen- 
tal nature, were associated with concomi- 
tant expressive language difficulties. These 
groups would correspond to the mixed pho- 
nological-syntactic syndrome and verbal 
auditory agnosia of Rapin and Allen,” re- 
spectively. A group of 6 age-matched nor- 
mal control children, with no history of 
neurological, audiological, or language dis- 
ability, were also tested for comparison 
purposes. 

The stimuli were continuous frequency- 
modulated tones, generated by an audio 
signal generator consisting of three inde- 
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Fig 1.—Top, Schematic diagram of the temporal characteristics of frequency change in the fre- 
quency-modulation stimuli. The tones vary in frequency around the carrier (1 kHz) in a sinusoidal 
fashion 10 times per second, corresponding to the frequency-modulation rate. The size of these 
frequency deviations (the modulation depth) varies sinusoidally 4 times a second, corresponding 
to the depth-modulation waveform, and it is to this envelope that the responses are locked (indi- 
cated by the arrows and superimposed response). Note that the amplitude of the tone is constant; 
it is the amplitude of the frequency change that is varying according to the depth modulation 
waveform. Responses are approximately periodic, with a maximum frequency component at 4 Hz. 
Bottom, Examples from each group of evoked responses to frequency-modulated tones with + 20, 
+60, and + 100 Hz mean modulation depth recorded from the left and right cerebral hemisphere. 
For the control condition responses, subjects listened to a 1-kHz pure tone. These represent “no 
response” since no frequency modulations occur in this stimulus. NL indicates normal language; 
EDD, expressive developmental dysphasia; and RDD, receptive developmental dysphasia. 


pendent waveform generators and a four- 
quadrant multiplier.” The tones generated 
were composed of three component wave- 
forms combined to form a 1-kHz tone, fre- 
quency modulated at a rate of 10 Hz, where 
the depth of modulation varied sinusoidally 
between a pure tone and a fully frequency- 
modulated one, four times a second. This 
was accomplished by using a 4-Hz sinusoi- 
dal waveform, termed the “depth modula- 
tion waveform,” to 100% amplitude modu- 


late the depth of a 10-Hz sine wave. The re- 
sultant waveform was then used to 
frequency modulate a 1-kHz pure-tone car- 
rier. The depth modulation waveform 
therefore defines the envelope of the fre- 


quency modulation (Fig 1). In this enpenh. 


ment, the mean modulation depth was var 
ied by +20, +60, and +100 Hz to compose 
three experimental conditions. Mean mod- 
ulation depth is defined as half the maxi- 
mum deviation in frequency around the 


Developmental Dysphasia— Stefanatos et al 


RN TT Ry 


Response Magnitude, uV 


Control 


N 
\ 


WE 


WN 


roa 


p 
Y 
La 


Wp 


a 


l+ 
N 
(e) 

+ 
OQ 
e) 


Mean Modulation Depth, Hz 





[C] NL 
WA EDD 


E ROD 


\ 


Response Phase 





Fig 2.—Histograms represent the mean response magnitudes for each group at each modulation depth examined: NL indi- 
cates normal language; EDD, expressive developmental dysphasia; and RDD, receptive developmental dysphasia. The as- 
sociated error bars represent the SD of the phase of responses at the various frequency-modulation depths. 


carrier (1 kHz). The average evoked re- 
sponse to these stimuli has the same fre- 
quency as the depth modulation waveform 
(4 Hz) and is time locked to its envelope.” 
The responses are contingent on the analy- 
sis of the instantaneous frequency changes 
of the tones. Accordingly, a continuous tone 
without the frequency changes does not 
produce a significant response at 4 Hz. 
Differential recordings from the left and 
right cerebral hemispheres were obtained 
with chlorided silver disk electrodes, placed 
on F3 and F4 of Jasper,” each referred to 
their respective ipsilateral mastoid, with a 
common ground on the forehead. These 
sites span primary auditory cortical areas 
and have previously been used with normal 
adult subjects.” Signals from each side of 
the head were amplified (system gain, 
25 X 10*), and band-pass filtered between 2 
and 10 Hz, before entering the analog- 
to-digital converter of a minicomputer (In- 
tertechnique Multi-20). Trigger pulses, 
used to initiate the acquisition of 250-milli- 
second samples of electroencephalographic 
activity by the computer, were locked to the 
depth modulation waveform and thus oc- 
curred every 250 milliseconds. Acquisitions 
containing artifact (>50 uV) were rejected. 
Response acquisition occurred continu- 
ously, so the averaging epoch was also 250 
milliseconds. Eight hundred acquisitions 
were summed to produce an average evoked 
response and three responses were obtained 
for each frequency-modulation depth. To 
obtain artifact levels, a control condition 
-4was introduced in which responses were 
also obtained using a 1-kHz continuous 
pure-tone stimulus and the same sampling 
parameters. All stimuli were delivered bin- 
aurally at 60 dB above audiometric thresh- 
olds through a pair of calibrated head- 
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phones with a flat frequency response over 
the frequency region tested. 


RESULTS 


Representative responses for each 
group, for each modulation depth, are 
represented in Fig 1. It can be seen that 
in the control condition using the pure- 
tone stimulus, responses were flat and 
without consistent or substantial spec- 
tral peaks. There did not, therefore, 
appear to be phase locking of the elec- 
troencephalogram to the sampling pe- 
riod. Since these potentials represent 
the averaged activity of the electroen- 
cephalogram when no frequency mod- 
ulations are present in the stimulus, 
they can be regarded as a “no 
response” condition. Responses to the 
frequency modulated tones in the nor- 
mal group and expressive developmen- 
tal dysphasic group are similar to 
those obtained in normal adults, ap- 
proximating sinusoids with a fre- 
quency of 4 Hz and with consistent 
phase characteristics. Responses of 
the receptive developmental dysphasic 
group, however, deviated markedly 
from this pattern: their responses did 
not have the characteristically large 
4-Hz frequency component or a con- 
sistent phase of that component. In- 
deed, their responses to the frequency- 
modulated tones were much like the 
control responses of each group. This 
suggests that the frequency-modu- 
lated tones used herein did not evoke a 
detectable response in these children. 


For purposes of statistical analysis, 
the magnitude of the 4-Hz component 
was computed from the Fast Fourier 
Transform of each response and sub- 
jected to a three-way ANOVA (group 
by cerebral hemisphere by frequency- 
modulation depth). The analysis con- 
firmed the highly significant differ- 
ence between groups (f[2,15] = 62.64, 
P < .001), which was readily apparent 
from visual inspection. There was also 
a significant effect of frequency-modu- 
lation depth (f[2,39] = 8.54, P < .01) 
and a significant group by fre- 
quency-modulation depth interaction 
(f[4,80] =4.16, P < .05). The main effect 
of cerebral hemisphere was not signif- 
icant. Comparing the means defined by 
the interaction, t tests indicated that 
subjects in the group with receptive 
developmental dysphasia had exceed- 
ingly small mean response magni- 
tudes, compared with both the normal 
group and the group with expressive 
developmental dysphasia, across all 
modulation depths examined. The 
enormous gap between the profiles of 
the mean response magnitudes of the 
receptive developmental dysphasic 
group and the normal and expressive 
dysphasic group is depicted in the his- 
tograms in Fig 2. The effect of modu- 
lation depth can be seen in the decreas- 
ing pattern of means from +20 to 
+100 Hz. There were no significant 
differences between the normal group 
and the group with expressive devel- 
opmental dysphasia at any modulation 
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depth. The group by frequency-modu- 
lation depth interaction is clearly seen 
as the different rates of decline of re- 
sponse magnitude in the three groups 
across the three frequency modulation 
depths. In the normal group, the re- 
sponses at +20 Hz are significantly 
greater than at +60 or +100 Hz 
(P < .01 for both), while in the expres- 
sive developmental dysphasic group 
the responses at +20 and +60 Hz were 
significantly greater than responses at 
+100 Hz (P<.05 and .01, respec- 
tively). In the group with receptive de- 
velopmental dysphasia, response mag- 
nitudes were consistently small and 
did not vary significantly as a function 
of frequency-modulation depth. 
Means and SDs of the phase of the 
4-Hz component of responses to each 
modulation depth for each group are 
also depicted along side the histo- 
grams in Fig 2. It can be seen that the 
phase of responses in the normal and 
expressive dysphasic groups are simi- 
lar and consistent. The phase of re- 
sponses in the receptive group, how- 
ever, are extremely variable. Again, 
this is consistent with the interpreta- 
tion that children with receptive de- 
velopmental dysphasia show no de- 
tectable response to the frequency- 
modulated tones used in this study. 


COMMENT 


The observed effects are not due to 
the periodicity of the depth modula- 
tion waveform. In a separate study,” 
with the same groups, responses were 
obtained to a 1-kHz pure tone 100% 
amplitude modulated by a 4-Hz sinu- 
soid. This stimulus was employed be- 
cause the envelope defined by the stim- 
ulus and the response it produces are 
the same frequency as the envelope 
and response elicited by the frequency- 
modulated tones used herein. There 
were no significant differences among 
the three groups using such stimuli. It 
appears that envelope periodicity per 
se does not account for the poor re- 
sponses to the frequency-modulated 
tones of the group with receptive de- 
velopmental dysphasia. Rather, it 
seems that the crucial factor is the 
composition of the envelope, that is, 
whether or not it is defined by rapid 
changes in frequency. There does not, 
therefore, appear to be a general inhi- 
bition of rapid auditory processing, 
resulting in generally poor steady- 
state auditory evoked responses, but 
rather poor responses specifically to 
rapid frequency modulations in sound. 

Our analysis indicates that central 
auditory mechanisms concerned with 
the analysis of rapid frequency modu- 
lations in sound are grossly abnormal 
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only in children with receptive devel- 
opmental dysphasia. These children 
might therefore be expected to experi- 
ence prominent auditory perceptual 
difficulties when required to process 
rapid frequency changes, and their 
problems with speech may be only one 
manifestation of this problem. Their 
difficulties may be particularly evident 
or severe in the perception of speech 
sounds characterized by rapid formant 
frequency transitions’ because these 
transitions often provide essential 
cues for discrimination,” whereas 
the discrimination of many other en- 
vironmental sounds can often be ac- 
complished by using other acoustic 
cues that may be neurally encoded 
more adequately. Indirect support 
that children with receptive develop- 
mental dysphasia do have more gen- 
eral problems with frequency modula- 
tion analysis may be evidenced by 
their particularly poor performance on 
nonverbal tasks that implicitly require 
the analysis of frequency modulations. 
It is possible, for example, that re- 
ported deficits in their ability to dis- 
criminate the temporal order of rap- 
idly presented tones differing in fre- 
quency may lie, in part, in a frequency- 
modulation analysis deficit in this 
group, although, since this is a complex 
task, other factors may also determine 
performance. Such tasks place de- 
mands on a number of abilities includ- 
ing attention, memory, associative 
learning, and sequential response pro- 
gramming, among others. This may 
contribute to the nonspecificity noted 
earlier of such tasks to developmental 
language disorders.'” 

Several studies have suggested that 
auditory perceptual deficits in children 
with developmental dysphasia are 
epiphenomena of linguistic or cogni- 
tive processing deficits. Cromer,° for 
example, has reported that children 
with receptive developmental dyspha- 
sia are unable to abstract the hierar- 
chical structure of language and has 
suggested that this deficit reflects a 
cognitive-linguistic impairment that 
can readily explain some of their ap- 
parent auditory processing deficits, as 
well as their problems with the recep- 
tion of speech. By contrast, our data 
suggest that an auditory deficit that 
occurs at the level of coding of sensory 
information, preceding the cognitive 
and linguistic processing of speech, is 
fundamental in this group and con- 
tributes significantly to the emergence 
of language deficits by impeding the 
perception of linguistically important 
acoustic features in speech. The pri- 
macy of the auditory disorder in these 
cases is also suggested by psycholin- 


guistic studies that have shown that 
linguistic deficits analogous to those 
postulated by Cromer to underlie re- 
ceptive developmental dysphasia can 
be observed in the linguistic perfor- 
mance of the profoundly deaf.” Clearly 
then, these linguistic deficits alone are 
not indicative of primary receptive 
language impairment, since such dif- 
ficulties can arise as secondary conse- 
quences of peripheral auditory dys- 
function. 

These results contrast with previous 
cortical evoked potential studies, 
which have not found remarkable dif- 
ferences in the amplitude or latency of 
transient cortical evoked responses in 
children with developmental dyspha- 
sia when compared with normal chil- 
dren or when subgroups are examined. 
These investigations have illustrated 
that transient cortical responses are of 
somewhat limited utility in the differ- 
ential diagnosis of receptive develop- 
mental dysphasia, largely restricted to 
excluding hearing impairment and 
gross central auditory dysfunction as 
causes of the language disorder. The 
abnormal steady-state evoked re- 
sponses to frequency-modulated tones 
were observed in receptive develop- 
mental dysphasics without exception. 
Consequently, this measure may pro- 
vide a useful adjunct method of screen- 
ing young children when there is some 
suspicion of primary receptive lan- 
guage impairment. 

It is significant that abnormal re- 
sponses were observed in the receptive 
developmental dysphasic group in re- 
cordings from either cerebral hemi- 
sphere. This would suggest that the 
underlying pathophysiology is imped- 
ing the elaboration of responses bilat- 
erally, but the level of the dysfunction 
remains difficult to specify. Arlinger et 
al** have determined through magnet- 
ic-field recordings that the neural gen- - 
erators of cortical responses to fre- 
quency modulations are localized in 
the temporal lobes, and it seems possi- 
ble that bitemporal pathophysiology 
may underlie the observed pattern. 
This would be concordant with a single 
postmortem study% of a child with 
“congenital aphasia” and severe recep- 
tive language impairment that re- 
vealed gross degeneration of the insula 
and temporal opercula bilaterally, ex- 
tending down to and including the me- 
dial geniculate bodies. Both auditory 
nerves were apparently histologically 
intact. A recent cerebral blood flow 
study noted hypoperfusion over postet 
rior sylvian regions bilaterally in a 
child with severe receptive problems 
and a normal computed tomographic 
scan, suggesting that dysfunction can 


Developmental Dysphasia— Stefanatos et al 


be quite subtle.” However, given the 
nature and paucity of the evidence, it is 
not possible to discount a possible sub- 
cortical contribution that may serve to 
degrade bilaterally the elaboration of 
responses at the cortical level: neurons 
responsive in some fashion to fre- 
quency modulation are found through 
much of the upper central auditory 
nervous system.” 

We conclude that (1) children with 
receptive developmental dysphasia 
differ significantly from those with 
expressive developmental dysphasia 
and normal children in cortical re- 
sponses evoked by rapid frequency- 
modulated tones; (2) a fundamental 
auditory problem rooted in pathophys- 
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iology of central mechanisms con- 
cerned with frequency-modulation 
analysis exists in receptive language- 
impaired children, and this represents 
a major impediment to language de- 
velopment; (3) poor steady-state audi- 
tory evoked responses appear to be ex- 
cellent neurophysiological markers of 
receptive developmental dysphasia in 
children. Furthermore, the results 
provide clinical evidence to support the 
suggestion that frequency-modulation 
analysis is critically involved in the 
auditory analysis of speech since ab- 
normal cortical evoked responses to 
frequency modulations are so strongly 
associated with severe speech recep- 
tion problems. They also underline the 
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Chronic Inflammatory Demyelinating 
Polyradiculoneuropathy 


Clinical Characteristics, Course, and 
Recommendations for Diagnostic Criteria 


Richard J. Barohn, MD; John T. Kissel, MD; John R. Warmolts, MD; Jerry R. Mendell, MD 


@ Over a 10-year period, we followed up 
60 patients (35 men and 25 women) with 
chronic inflammatory demyelinating poly- 
radiculoneuropathy. Diagnosis was based 
on previously outlined criteria. Patients 
were treated in a uniform manner and the 
overwhelming majority, 56 (94.9%) of 59 
treated patients, initially responded to im- 
munosuppressive therapy. The time for 
initial improvement was 1.9 + 3.6 months 
while the time to reach a clinical plateau 
was 6.6 + 5.4 months. The course was 
monophasic in 32 patients (53.3%) and re- 
lapsing in 28 (46.6%). Despite the initial 
responsiveness, only 24 (40%) of 60 pa- 
tients are in partial or complete remission, 
receiving no medication. Two patients 
died. We were unable to identify specific 
clinical or laboratory features at the time 
of diagnosis that predicted outcome. Our 
data analysis, along with previous reports, 
suggests that chronic inflammatory demy- 
elinating polyradiculoneuropathy may be 
more heterogeneous than previously em- 
phasized. In this light, we have proposed 
diagnostic criteria that allow for the hetero- 
geneity but at the same time provide for 
a more consistent approach to better es- 
tablish the natural history of this condition. 

(Arch Neurol. 1989;46:878-884) 
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n 1958, Austin! described a recur- 

rent, steroid-responsive polyneur- 
opathy in 2 patients and reviewed the 
findings of 9 additional cases. In 1 case 
example, Austin was able to demon- 
strate unequivocal steroid-responsive- 
ness through documentation of 20 
recurrences over a 5-year period com- 
pared with significant progression fol- 
lowing oral, intramuscular, and intra- 
venous placebo administration. Fur- 
thermore, he outlined the salient 
features of this disorder that include 
elevated cerebrospinal fluid (CSF) pro- 
tein levels during bouts of recurrence 
and electrophysiologic studies demon- 
strating an admixture of nerve con- 
duction block and partial denervation 
in association with severe motor unit 
loss. In one third of the patients, large 
nerves were described and the pres- 
ence of interstitial edema was identi- 
fied. He also recognized the caveats for 
treatment that included not only the 
obvious steroid side effects but also the 
fact that treatment represented a sup- 
pression of disease activity and not 
necessarily a cure. Furthermore, he 
wisely pointed out that the “anti-in- 
flammatory” or “anti-allergic” effects 
of corticosteroids should not obscure 
the lack of understanding or respon- 
siveness at a molecular level. 

Three decades later, we unfortu- 
nately have very little new informa- 
tion regarding the fundamental mech- 
anisms of the disease. A number of 
authors have reported their experi- 
ence with this entity’ under varying 
titles, including “recurrent and 
chronic relapsing Guillain-Barré 
polyneuritis,”? “relapsing corticoster- 


and 
sé > > 
steroid-responsive recurrent poly- 


oid-dependent polyneuritis,” 


neuropathy.”* Many reports em- 
phasize the potential for corticosteroid 
therapy'**'*'S and other treat- 
ments®™!!4 directed at altering an im- 
mune-mediated pathogenesis. In fact, 
from a historical perspective, it is the 
response to immunosuppressive ther- 
apy that has been the single most im- 
portant factor distinguishing this 
polyneuropathy from others. 

The potential therapeutic implica- 
tions of this disorder provide compel- 
ling reasons to establish diagnostic 
criteria as well as a precise description 
of the natural history. The most criti- 
cal attempt to accomplish these objec- 
tives was the review by Dyck et al‘ in 
1975 that referred to this condition as 
“chronic inflammatory polyradiculo- 
neuropathy.” It should also be noted 
that the more current designation of 
the disorder as chronic inflammatory 
demyelinating polyradiculoneuropa- 
thy (CIDP) occurred more passively 
(ie, without additional data presenta- 
tion) in subsequent reports by Dyck et 
al'4 on treatment aspects of the con- 
dition. In the 1975 report, Dyck et al‘ 
carefully analyzed data from 53 pa- 
tients. The important features were 
outlined, including the striking clini- 
cal and laboratory heterogeneity. For 
example, they recognized that brain 
and spinal cord may be involved. In 
addition, they demonstrated that wal- 


lerian degeneration (and not demyeli- t 


nation) was the most common finding 
in any of the distal cutaneous nerves 
and that inflammation was not invari- 
able and if present was usually of 


Polyradiculoneuropathy —Barohn et al 





wo 


= 


TET e Cae ari AA oT iarain bie Masta Gi aaa 
nie eC ee eee ee ee ay TERT TETRIS REN 
¥ ie - - = i J n ~ . 





slight degree. A recent report by Mc- 
Combe et al’ addresses many of these 
issues. 

In this report, we present our own 
10-year experience following up 60 pa- 
tients with CIDP. We believe our re- 
sults are of interest for two reasons. 
The first is that our patients have been 
in a more uniform manner than pa- 
tients in most previous large series.*’° 
The second reason may be more im- 
portant. We, like others, have at- 
tempted to use the criteria suggested 
by Austin' and emphasized by Dyck et 
alé and others" to diagnose this condi- 
tion. Careful review of these articles 
indicates that no firm diagnostic crite- 
ria exist and only a “typical” profile is 
outlined. Our results indicate that 
while an elevated CSF protein level, 
slowed nerve conductions, especially 
with conduction block, and a nerve 
biopsy specimen with demyelinating 
features will identify a potentially ste- 
roid-responsive disorder, patients fail- 
ing to fulfill all of these criteria may 
have an identical course and treatment 
response. Furthermore, our observa- 
tions, as well as those of others, sug- 
gest that patients with concurrent con- 
ditions such as inflammatory bowel 
disease, monoclonal gammopathies,'! 
diabetes mellitus,” thyrotoxicosis," 
and central nervous system involve- 
ment*'*”° may have features indistin- 
guishable from the so-called idiopathic 
group. These findings and our data 
analysis lead us to raise the important 
issue as to whether “CIDP” represents 
one condition or rather a syndrome of 
diverse causes with common immuno- 
pathogenic mechanisms. In that re- 
gard it may, in fact, be like its pre- 
sumed acute counterpart,'? the Guil- 
lain-Barré syndrome (GBS), a 
condition for which diagnostic criteria 
have been established.” 


METHODS 


Clinical, laboratory, and biopsy records 
were reviewed for all patients with CIDP 
whose conditions were diagnosed by the 
Neuromuscular Service at Ohio State Uni- 
versity, Columbus, over a 10-year period 
(January 1977 through January 1987). Pa- 
tients for this study fulfilled the criteria 
outlined by Dyck et al." In their report,‘ 
they listed the following features that 
“favor” a diagnosis: (1) the course of the 
illness may be steadily progressive, chronic 
monophasic, or recurrent; (2) there is a 
tendency to symmetric involvement and to 
involvement of proximal as well as distal 
limb muscles; (3) on electrodiagnostic study 
conduction may be normal in motor and af- 


4 ferent fibers, but more commonly (though 


\not mandatory) it is slowed; (4) in the CSF 
a cytoalbuminologic dissociation usually is 
seen at some time during the course of the 
disorder. It should be noted that many pa- 
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tients initially described by Dyck et al‘ did 
not undergo nerve biopsy. Patients whose 
cases were reported in the present study 
have all of the above diagnostic criteria. A 
difference, however, between our group and 
that of Dyck et al‘ is that we included in our 
series patients with systemic disease, in- 
cluding one patient with Hodgkin’s disease, 
one with chronic hepatitis, and one with in- 
flammatory bowel disease. Since these con- 
ditions are known to be associated with 
GBS, we believed their inclusion was war- 
ranted because of the analogies between 
acute inflammatory demyelinating polyra- 
diculoneuropathy and CIDP." In the recent 
report by McCombe et al, patients with 
systemic disorders were also included. We 
also included five patients with benign 
monoclonal gammopathies. In each case, no 
antibody activity to peripheral nerve could 
be demonstrated by enzyme-linked immu- 
nosorbent assay or immunofluorescence.” 
Furthermore, none of these patients had 
evidence of an underlying plasma cell dys- 
crasia. In three additional patients, fol- 
low-up information revealed that cancer 
was found 2, 5, and 10 years after the orig- 
inal diagnosis of CIDP without any appar- 
ent relationship to the neuropathy. It 
should also be noted that patients were in- 
cluded in this study if they had progression 
of weakness for at least 2 months. Dyck et 
al required a 6-month history of progres- 
sion. The 2-month interval was chosen be- 
cause our study of GBS showed that no pa- 
tients with acute demyelinating disease 
had progression of weakness after 6 
weeks.” 


Clinical Assessment 


On the initial and all subsequent 
(monthly) patient visits, manual muscle 
strength testing was performed on 34 mus- 
cle groups that were graded using a modi- 
fied Medical Research Council scale ex- 
panded to a 10-point system” and used pre- 
viously to grade muscle weakness in GBS.” 
An average muscle score (AMS) of the 34 
groups was determined for each visit. Mus- 
cles tested included facial muscles (orbicu- 
laris oculi), neck flexors, neck extensors, 
shoulder abductors, elbow extensors, elbow 
flexors, wrist flexors, wrist extensors, 
thumb abductors, hip flexors, hip extensors, 
hip abductors, knee extensors, knee flexors, 
ankle dorsiflexors, ankle evertors, ankle in- 
vertors, and ankle plantar flexors. 


Electrophysiologic Studies 


Electrophysiologic studies were per- 
formed according to methods previously 
described.* Motor nerve conduction veloc- 
ity (MNCV), conduction block, temporal 
dispersion, compound motor action poten- 
tial amplitude, degree of distal latency, and 
F-wave prolongation were monitored.””’ 
Motor nerve conduction velocities were in- 
terpreted as being significantly slowed (ie, 
in a demyelinating range) if at least one of 
the motor nerves tested (median, ulnar, or 
peroneal) had slowing of conduction to less 
than 70% of the lower range of normal (de- 
fined as 2SDs below the mean). We used two 
data points in our statistical analysis: (1) 
the slowest motor nerve conduction and (2) 
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the average compound motor action poten- 
tial amplitude of the ulnar, median, and 
peroneal nerves. Sensory nerve action po- 
tentials were routinely measured for am- 
plitude, latency, and conduction velocity in 
the median, ulnar (both orthodromic deter- 
minations), and sural (antidromic) nerves. 
Because of the common failure to obtain an 
evocable sensory potential these values 
could not be included in the data analysis. 

Needle electromyography was performed 
on all patients. Although studies were indi- 
vidualized for each patient, depending on 
the severity and distribution of symptoms, 
certain muscles were examined in all pa- 
tients. These included deltoid, triceps, bi- 
ceps, extensor carpi radialis, first dorsal 
interosseous, gluteus medius, vastus later- 
alis, gastrocnemius, and tibialis anterior. 
While motor unit potential amplitude, du- 
ration, morphologic features, and recruit- 
ment were routinely evaluated, we used 
only the presence or absence of fibrillation 
potentials in any muscle group for data 
analysis. 


Sural Nerve Biopsies 


After informed consent had been ob- 
tained, sural nerve biopsy was performed 
through a midline incision 25 cm above the 
plantar surface of the heel and biopsy spec- 
imens were processed for light and electron 
microscopy as well as for nerve fiber teasing 
by previously described methods.” Nerve 
biopsy assessment was standardized and 
consisted of the following: (1) evaluation of 
epineurial, perineurial, and endoneurial in- 
flammatory infiltration in frozen and par- 
affin sections stained with hematoxylin- 
eosin; (2) classifying changes in at least 50 
teased nerve fibers according to the follow- 
ing scheme previously described*: A indi- 
cates normal; B, myelin wrinkling and re- 
dundant loops of myelin; C, demyelination 
(paranodal and segmental); D, remyelina- 
tion in which thickness is less than 50% of 
the adjacent internodal myelin; E, demy- 
elination and remyelination; and F, walle- 
rian degeneration; and (3) quantitation of 
the following changes in 1-um-thick resin 
sections stained with toluidine blue: thinly 
myelinated nerve fibers exhibiting exces- 
sive Schwann cell proliferation (at least one 
additional circumferential layer equals an 
onion bulb); demyelinated nerve fibers; ax- 
onal degeneration as judged by the presence 
of myelin ovoids or Schwann cell cytoplasm 
filled with myelin breakdown products; and 
clusters of regenerating axons. 


Classification of Nerve Biopsy 
Specimens 


Abnormalities were quantitated on both 
teased nerve fibers and resin sections and 
classified as follows: 

1. Neuropathy with predominant fea- 
tures of demyelination and remyelination 
(no attempt was made to differentiate pri- 
mary vs secondary demyelination), in 
which the findings of segmental or para- 
nodal demyelination and or remyelination 
accounted for at least 75% of the abnormal 
fibers, and nerve fibers undergoing axonal 
degeneration represented fewer than 25% 
of abnormal fibers. 
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2. Neuropathy with predominant fea- 
tures of axonal abnormality, in which the 
findings of segmental or paranodal demy- 
elination or remyelination accounted for no 
more than 25% of abnormal fibers, and ax- 
onal degeneration, clusters of regenerating 
axons, and myelin wrinkling accounted for 
75% of abnormal fibers. 

3. Neuropathy with mixed demyelinat- 
ing and axonal abnormality, in which the 
findings of segmental or paranodal demy- 
elination and remyelination accounted for 
50% + 10% of nerve fiber changes, and 
findings of axonal degeneration, clusters of 
regenerating axons, and myelin wrinkling 
represented 50% +10% of nerve fiber 
changes. 


Treatment 


A consistent approach to treatment was 
used over the decade of observations. Pa- 
tients were started on a regimen of 100 mg 
of prednisone daily for 2 to 4 weeks and then 
switched to 100 mg of single-dose, alter- 
nate-day prednisone therapy. This regimen 
was continued until the clinical improve- 
ment plateaued. If the patient’s response 
was poor or a relapse occurred, azathio- 
prine therapy (2.5 mg/kg) was begun. A 
course of plasmapheresis" was also given to 
poor responders. Severely affected patients 
(those not ambulatory at the initial exam- 
ination) received plasmapheresis in addi- 
tion to steroids at the time of treatment 
initiation. 


End-Point Measures and Statistical 
Analysis 


We attempted to identify prognostic fea- 
tures of the disease by analyzing clinical 
and laboratory characteristics in relation 
to five end-point measures: (1) the time in 
months required to show an initial im- 
provement based on the AMS; (2) the time 
in months required to demonstrate a clini- 
cal plateau at maximal improvement; (3) 
the degree of improvement based on the 
AMS at time of entry compared with the 
AMS at maximal improvement; (4) the 
monophasic vs relapsing course as well as 
the number of relapses per year per patient; 
and (5) the degree of recovery (complete or 
incomplete). 

End-point measures were compared with 
clinical features that included age, sex, du- 
ration of weakness prior to treatment, sen- 
sory or tendon reflex loss on examination, 
the degree of weakness at the initial exam- 
ination based on the AMS on the initial ex- 
amination, and the presence of associated 
systemic conditions. End point measures 
were also compared with laboratory fea- 
tures, including MNCVs, the average of 
three compound motor action potential am- 
plitudes, the nerve biopsy pattern, and the 
CSF protein level. The initial clinical and 
laboratory features were analyzed in rela- 
tion to each of the four end-point measures 
using the Cox hazard function model. In 
this model, the initial features were simul- 
taneously combined and analyzed through a 
multivariate regression analysis to deter- 
mine whether any of the covariants, singly 
or in combination, had an effect on the given 
end-point measure. A logistic regression 


880 Arch Neurol—Vol 46, August 1989 


analysis was used for analyzing the non- 
timed end points. For all analyses, a level of 
P < .05 was considered statistically signif- 
icant. 


RESULTS 


Sixty patients (35 men and 25 
women) were diagnosed as having 
CIDP over the study period. They 
ranged in age from 10 to 77 years 
(mean [+SD] age, 47.8 + 17 years). 
The duration of weakness prior to our 
first examination ranged from 2 to 180 
months mean [+SD] duration of 
symptoms, 17.7 + 32.4 months). For- 
ty-four (73% ) of 60 patients had symp- 
toms for less than 1 year and 22 (36% ) 
of 60 had symptoms between 2 and 6 
months. Three patients were symp- 
tomatic for more than 6 years. The av- 
erage time of follow-up was 34 months 
(mean [+SD] follow-up, 34 + 32.2 
months) with a range of 6 to 142 
months. 


Clinical Characteristics 


The pertinent clinical characteris- 
tics are outlined in Table 1. The AMS 
at the time of the initial visit was cal- 
culated for each patient. A character- 
istic pattern of weakness in all pa- 
tients without exception was the pres- 
ence of proximal in addition to distal 
weakness. Objective sensory loss of 
one or more modalities was present in 
52 patients (86% ) with deficits to touch 
and vibration being the most com- 
monly impaired sensory modalities. 
Fifty-seven patients (95% ) had loss of 
tendon reflexes that was confined to 
the ankles in 6 cases (10% ). Eight pa- 
tients (13%) had facial muscle weak- 
ness. Two patients (3% ) had extraocu- 
lar muscle impairment with diplopia 
while 2 others had papilledema. 

Our series included patients who 
had associated systemic conditions in 
addition to CIDP. At the time of diag- 
nosis these included one patient with a 
history of Hodgkin’s disease in remis- 
sion, one patient with inflammatory 
bowel disease who was undergoing 
treatment with sulfasalazine, one pa- 
tient with chronic active hepatitis, and 
five patients with benign monoclonal 
gammopathies. Four of the latter had 
IgG monoclonal protein levels ranging 
from 200 to 400 mg/dL, two with x and 
two with A light chains. One patient 
had an IgA monoclonal protein level of 
300 mg/dL. In each case, complete 
evaluation for plasma cell dyscrasias 
and amyloidosis proved negative. No 
patients had a monoclonal gammopa- 
thy with specific activity for myelin as 
determined by indirect immunofluo- 
rescence or enzyme-linked immu- 
nosorbent assay.” Three patients had 
solid cancers develop that included 


Table 1.—Clinical Characteristics 


Characteristic No. (%) 


Weakness (proximal and distal) 60 (100) 
Reflex loss 57 (95) 
Sensory loss 52 (86) 
Facial muscle weakness 8 (13) 
Other diseases 8 (13) 
Hodgkin's disease 1 
Benign monoclonal 
gammopathy 5 
Inflammatory 
bowel disease 1 
Chronic hepatitis 1 
Clinical CNS* demyelination 




















* CNS indicates central nervous system. 


squamous cell carcinoma of the larynx, 
squamous cell carcinoma of the lung, 
and malignant melanoma. Two of 
these patients died of their cancers. 
These were most likely incidental ma- 
lignant neoplasms occurring 2, 5, and 
10 years after the polyneuropathy was 
diagnosed. These patients could not be 
distinguished clinically or electro- 
physiologically from the other pa- 
tients with CIDP nor could their sub- 
sequent neuropathy courses. Four ad- 
ditional patients whose cases were 
reported previously by us” had clinical 
and magnetic resonance imaging evi- 
dence of central demyelination in as- 
sociation with CIDP. 


Electrophysiologic Studies 


Motor nerve conduction velocity 
data for the group revealed the follow- 
ing mean (+SD) values: median nerve, 
30.1+13.5 m/s; ulnar nerve, 
35.2 + 13.3 m/s; and peroneal nerve, 
29.7 + 10.7 m/s (Table 2). Overall, 40 
patients (66.6% ) had at least one mo- 
tor nerve that was slowed to less than 
70% of normal, a range compatible 
with a demyelinating process.*” In 
our laboratory, this required a median 
or ulnar MNCV below 35 m/s and a 
peroneal MNCV below 30 m/s. Seven- 
teen patients (28.3% ) had mild slowing 
(not less than 70% of normal) and 2 
patients (3.3% ) had completely normal 
MNCVs. One patient had unobtainable 
compound motor action potentials in 
the lower extremities but normal 
MNCVs in the upper extremities. Tem- 
poral dispersion of the compound mo- 
tor action potential was present in 7 
patients (11.7% ), and conduction block 
(proximal compound motor action po- 
tential amplitude 50% or less than dis- 
tal) occurred in 8 patients (13.3%). 
The mean compound motor action po- 
tential amplitudes for each of these 
nerves and the sensory nerve action 


potential determinations are also in-* 


dicated in Table 2. 
Electromyography demonstrated fi- 
brillations in 43 patients (72% ). 
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Amplitude, mV 
= ccree_mmi 
Controls 


Patients 


Nerves 


Motor 
Median 10.7 + 3.7 (4.0-18.0) 


Ulnar A i 11.1 
Peroneal ; TS 


Sensory 
Median ; 29.1 


Ulnar i . 27.5 
Sural 


2.6 (6.0- 16.0) 
2.6 (2.2-13.0) 


Latency, ms 


Controls 


3.4 + 0.5 (2.4-4.4) 
2.7 + 0.4 (1.8-3.5) 
4.9 + 0.8 (3.3-5.5) 


12.1 (5.0-53.0) 
11.2 (5.0-50.0) 
29.0 + 10.0 (8.0-49.0) 


*Values given are mean + SD. Figures in parentheses indicate range. 


tValues given are in microvolts for sensory nerves. 


Table 3.—Sural Nerve Biopsy 
Findings 


No. (%) 
27 (48.2) 
12 (21.4) 
7 (12.5) 
10 (17.9) 
56 (100) 


Biopsy Finding 


Demyelinating 
Axonal 

Mixed 

Normal 

Total 





Sural Nerve Biopsy Pathologic Findings 


Nerve biopsies were performed in 56 
patients. In 27 (48.2% ) a profile indic- 
ative of demyelination and remyelina- 
tion predominated (Table 3). Twelve 
(21.4%) had a profile of axonopathy 
and 7 (12.5%) had mixed demyelinat- 
ing and axonal changes. In 6 (10.7% ) of 
56 biopsy specimens, small clusters of 
mononuclear inflammatory cells were 
noted in either the epineurium, peri- 
neurium, or endoneurium usually in 
relation to blood vessels. In 10 patients 
(17.9% ), results of sural nerve biopsy 
were normal. 


Correlation of Nerve Biopsy and 
Electrophysiologic Studies 


The degree of MNCV slowing did not 
predict the findings on sural nerve bi- 
opsy. In patients with MNCV slowing 
to less than 70% of normal, the distri- 
bution of changes included 18 biopsy 
specimens (45% ) with demyelinating/ 
remyelinating features, 8 (20%) with 
predominantly axonal abnormalities, 
4 (10% ) with mixed features, and 6 bi- 
opsy specimens (15% ) were normal. A 
nearly identical breakdown was seen 
in the 17 patients having only mild 
slowing of MNCV: 8 biopsy specimens 
(47.1%) with demyelinating/remyeli- 
nating features, 3 (17.6% ) with axonal, 
3 (17.6%) with mixed, and 3 (17.6%) 
with normal (Table 4). 


CSF 


The CSF protein determinations 
were performed on 59 patients. All but 
3 (95%) were elevated. The mean 
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Nerve Conduction Velocity, m/s 
He 
Patients Controls 


56.5 + 4.2 (48.0-65.0) 
57.5 + 4.8 (48.0-67.0) 
48.3 + 4.0 (42.0-56.0) 


58.6 + 5.7 (47.0-70.0) 
57.4 + 5.2 (47.0-68.0) 
50.2 + 5.4 (39.0-61.0) 





Table 4.—Comparison of Slowest Motor Nerve Conduction Velocities (MNCVs) and 
Sural Nerve Pathologic Findings 


MNCV, % of Patients * 


ra u aaaaaaaaaaaaiiIIaIaIaaaaaaaaaaaaaIiIiIiIiIiIA 


<70% of Normal 
(n = 40) 


Pathologic Findings 
Demyelinating 
Axonal 


Mixed 
Normal 
Not done 


>70% of Normal 
(n = 17) 





* This Table does not include two patients with normal MNCVs and one patient with unevocable MNCVs in 
the lower extremities andnormal MNCVs in the upper extremities. 


(+SD) CSF protein level was 
1.34 + 1.12 g/L (range, 0.2 to 7.86 g/L). 
In 36 patients (61%), protein eleva- 
tions greater than two times normal 
were seen. In 20 patients (34% ), there 
were less dramatic elevations to levels 
between 0.46 and 0.9 g/L. The average 
number of white blood cells in the CSF 
was 1.2 + 1.7 X 10°/L, with a range of 
0 to 7 X 10°/L (2 patients exceeded five 
cells, which is the upper limit of nor- 
mal). 


Clinical Course 


Fifty-six (94.9%) of 59 treated pa- 
tients showed initial improvement 
with immunosuppressive treatment 
(Table 5). The mean (+SD) time for 
initial improvement was 1.9 + 3.6 
months. The mean (+SD) time to 
reach a clinical plateau was 6.6 + 5.4 
months. The AMS improved from 
6.74 + 1.67 at the time of initial exam- 
ination to 8.12 + 3.31 at maximal im- 
provement. 

The course of the illness was 
monophasic in 32 patients (53.3% ), but 
presently, only 19 of 32 are in remis- 
sion and not receiving any medication. 
Twenty-eight patients (46.6%) had a 
relapsing course. Five of these are in 
remission and not receiving any med- 
ication. It must be noted, however, that 
patients falling into the relapsing 
group had been followed up for a mean 


duration of 49.5 + 36.9 months com- 
pared with 24.1 + 21.6 months for the 
patients in the monophasic group. Pa- 
tients in the relapsing group had an 
average of 0.7 + 0.4 relapses per year 
over the 10-year follow-up period. 
Three patients failed to respond to 
treatment and 1 patient was not 
treated. Two patients died of compli- 
cations of the disease. Both of these 
patients had shown an initial response 
to treatment. 

Attempts were made to identify 
clinical or laboratory features corre- 
lating with the end-point measures, 
namely, the time to show an initial 
improvement based on the AMS, the 
time to show a clinical plateau at max- 
imal improvement, AMS improvement 
(the AMS at maximal improvement 
minus the AMS at the time of entry), 
and relapsing course and extent of im- 
provement (complete vs incomplete). 
Neither age, duration of illness, 
MNCYV, compound motor action poten- 
tial amplitude, CSF protein level, nor 
nerve biopsy were predictive of the 
clinical outcome. Only the AMS at the 
time of diagnosis showed a correlation 
with the AMS at the time of maximal 
improvement (P=.01), indicating 
that a patient with greater weakness 
at the initiation of treatment was also 
more likely to have residual weakness 
at the time of the plateau. 
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Table 5.— Outcome 
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Table 6.—Proposed Diagnostic Criteria* 








Clinical Course No. (%) 








Time to initial improvement, mo* 1.9 + 3.6 
















*Values given are mean + SD. 


COMMENT 


The condition described by Austin! 
in 1958 as recurrent steroid-responsive 
polyneuropathy and now often re- 
ferred to as CIDP is important since it 
represents approximately 21% of all 
initially undiagnosed neuropathies.” 
In addition, a significant percentage of 
these patients respond to immunosup- 
pressive therapy.***!!!2'415 Despite 
these important implications, the dis- 
order can be heterogeneous in both 
clinical and laboratory features as our 
experience and that of others 
indicate. Most patients with CIDP 
have a combination of weakness, are- 
flexia or hyporeflexia, and sensory loss. 
The feature most distinctive in CIDP is 
the presence of proximal as well as dis- 
tal weakness. This pattern distin- 
guishes CIDP from many hereditary 
and acquired neuropathies where dis- 
tal weakness predominates. It has 
been suggested that a subset of CIDP 
may have a predominant or even ex- 
clusive sensory neuropathy; but, ex- 
cept for the small number of cases re- 
ported by Dyck et alí in 1975 and Mc- 
Combe et al," no series have included 
such patients. 

The cardinal laboratory features of 
CIDP have been considered to include 
slow MNCVs often with conduction 
block,‘ inflammatory-demyelinating 
features on nerve biopsy specimens, 
and elevated CSF protein levels.!2671315 
In our experience, an elevated CSF 
protein level was the most consistent 
laboratory abnormality occurring in 
56 (95% ) of 59 patients who had CSF 
examinations. Other laboratory fea- 
tures were not as consistent. For ex- 
ample although MNCV slowing below 
70% of normal was observed in 40 
(66.7% ) of 60 patients, slightly more 
than one fourth of the patients had 
only mild slowing of the MNCV (not 
below 70% of normal), in a range 
inconclusive for chronic demyelinat- 
ing neuropathy.” Furthermore, two 
patients had normal MNCVs. In addi- 
tion, conduction block and temporal 
dispersion, two features often consid- 
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Initial response to treatment 56 (94.9) 1. Progression of muscle weakness (steady, stepwise, or relapsing) for 2 mo 
Monophasic course 32 (53.3) 2. Symmetrical proximal and distal weakness in upper or lower extremities 
Relapses per year* 0.7 + 0.4 Mandatory Exclusion Criteria: Patients must be devoid of these features 


Time to plateau (maximal 6.6 + 5.4 pigmentosa, ichthyosis, orange tonsils, history of exposure to drugs or toxins known to cause 
improvement), mo* peripheral neuropathy 

Nonresponders 3 (5.0) 2. Laboratory findings of low serum cholesterol levels, abnormal porphyrin metabolite values, 

Untreated 1 (1.6) fasting glucose levels of =7.7 mmol/L, low serum vitamin B,, levels, hypothyroidism, heavy 

Deaths 2 (3.3) metal intoxication, CSF WBC > 50 X 10®/L 


leukodystrophy, or Refsum disease 


disease 
Major Laboratory Criteria 


inflammation 


3. CSF protein level >0.45 g/L 
Diagnostic Categories 
Definite 
1. Mandatory inclusion criteria 
2. Mandatory exclusion criteria 
3. All 3 major laboratory criteria 
Probable 
1. Mandatory inclusion criteria 
2. Mandatory exclusion criteria 
3. 2 of 3 laboratory criteria 
Possible 
1. Mandatory inclusion criteria 
2. Mandatory exclusion criteria 
3. 1 of 3 laboratory criteria 
Concurrent illness 


(present report) 


Mandatory Inclusion Criteria: All patients must have these features 


1. Clinical features, including pure sensory neuropathy, mutilation of hands or feet, retinitis 


3. Nerve biopsy specimen with features of vasculitis, neurofilamentous swollen axons, 
intramyelinic blebs, amyloid deposits, Schwann cells with evidence of storage materials typical 
for Fabry’s disease, adrenal leukodystrophy, metachromatic leukodystrophy, globoid cell 


4. Electrodiagnostic features of neuromuscular transmission defect, myopathy, or anterior horn cell 


1. Nerve biopsy specimens with predominant features of demyelination that include segmental 
demyelination, remyelination, loss of nerve fibers, onion-bulb formation, and perivascular 


2. Nerve conduction studies with features of demyelination, including slowing of conduction 
velocities in at least 2 motor nerves to <70% of lower limit of normal (2 nerves required to 
avoid inclusion of patients with focal compression neuropathy) 


Patients in this group have an acquired demyelinating polyneuropathy accompanying another 
disorder; conditions so far described include thyrotoxicosis,'® HIV infection,*° monoclonal 
gammopathy,'' hereditary motor and sensory neuropathy,** CNS demyelination,®'*° chronic 
active hepatitis (present report), inflammatory bowel disease (present report), Hodgkin’s disease 












































* CSF indicates cerebrospinal fluid; WBC, white blood cell count; HIV, human immunodeficiency virus; and 


CNS, central nervous system. 


ered to be the sine qua non for an ac- 
quired inflammatory demyelinating 
polyneuropathy,” were present in only 
seven (11.7%) and eight (13.38%) pa- 
tients, respectively. 

Our study also illustrates that in- 
flammatory cell infiltration in the 
sural nerve is seen in a minority of pa- 
tients, only 6 (10.7%) of 56. In fact, 
other series also report this lack of in- 
flammatory infiltration. Significant 
perivascular, perineurial, and epineu- 
rial inflammation, when well docu- 
mented, has been confined primarily to 
nerve roots and ganglia.” In the Mayo 
Clinic series, 12 of 14 cutaneous 
nerves showed perivascular mononu- 
clear cell infiltration, but the findings 
were reported as slight and difficult to 
distinguish from controls. 

The laboratory heterogeneity of 
CIDP is further demonstrated by the 
fact that demyelination as the pre- 
dominant pathologic feature in the 
sural nerve was seen in only 27 (48.2% ) 
of 56 patients in our series. The re- 


mainder of the patients had predomi- 
nantly axonal (12 patients [21.4% ]) or 
mixed features of demyelination and 
axonal degeneration (seven [12.5% ]). 
Normal sural nerves were seen in 10 
cases (17.9% ). It should also be noted 
that there was poor correlation be- 
tween the pathologic changes in the 
sural nerves and the degree of MNCV 
slowing. 

Another aspect of heterogeneity not 
previously emphasized is that patients 
with certain concurrent illnesses have 
a condition indistinguishable from 
CIDP. In our own series, such disor- 
ders included chronic hepatitis, in- 
flammatory bowel disease, and 
“benign” monoclonal gammopathies. 
This latter group excluded those pa- 
tients with anti-myelin-associated 
glycoprotein antibody? and identifi- 
able plasma cell dyscrasias. The occur- 


rence of CIDP in association witht 


other conditions, including mono- 
clonal gammopathies,'!' diabetes 
mellitus,” thyrotoxicosis," and human 
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immunodeficiency virus” has been re- 
ported. Perhaps it is not surprising 
that CIDP, a disorder of presumed au- 
toimmune pathogenesis, could occur in 
the setting of other immune-mediated 
conditions. The precedent is well es- 
tablished in other autoimmune disor- 
ders like myasthenia gravis, a disease 
more likely to occur in the setting of 
rheumatoid arthritis, systemic lupus 
erythematosus, and Graves’ disease. 
Recognition of associated disorders 
has practical application since each 
will require individualized treatment 
and each may be life threatening for 
independent reasons. We and 
others’ have also recently empha- 
sized the concurrence of CIDP with 
clinical and radiologic evidence of cen- 
tral nervous system demyelination. 
This finding was reported by Dyck et 
alf as early as 1975. 

Our series further underscores the 
chronic nature of this condition de- 
spite the initial responsiveness. Al- 
though our data were uncontrolled, 
our treatment program was initiated 
according to consistent guidelines. In 
our series, 56 (94.9% ) of 59 treated pa- 
tients showed initial improvement 
with immunosuppressive treatment. 
The mean (+SD) time for this initial 
improvement was 1.9 + 3.6 months. 
The mean (+SD) time to clinical pla- 
teau was 6.6 + 5.4 months. This did 
not imply, however, that the ultimate 
outcome was favorable. In many pa- 
tients, the improvement was mild and 
subsequent relapses were frequent. A 
complete or partial remission while 
not receiving any medication was seen 
in only 24 (40%) of 60 patients. Eigh- 
teen (30%) of the 60 patients had a 
complete remission with no residual 
weakness when not taking medication. 
Our observations also indicate that the 
longer patients are followed up, the 
more likely it is that relapses will oc- 
cur. A mortality rate of 3.3% (two pa- 
tients) was seen in our population and 
5% (three patients) showed no im- 
provement with immunosuppressive 
treatment. Dyck and colleagues‘ out- 
lined an even more dismal prognosis. 
In 53 patients, only 64% were im- 
proved or in remission and able to re- 
turn to work. Eight percent were am- 
bulatory but unable to work, 11% were 
bedridden or wheelchair bound, and 
11% died of the disease. 

In our study population, we at- 
tempted to establish if any clinical 
(age, sex, duration of disease, presence 
of concurrent illness) or laboratory 
features (MNCV, compound motor ac- 
tion potential amplitude, sural nerve 
pathologic finding, CSF protein level) 
were significant in predicting outcome. 
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End points considered were the time 
required to show initial improvement, 
the time required to show maximal 
improvement, the degree of improve- 
ment as measured by AMS, clinical 
course, and extent of recovery. Statis- 
tical analysis failed to identify fea- 
tures indicative of a more benign 
course. These findings are different 
from those recently reported for the 
GBS?!’ in which both the lower mean 
amplitude of the compound motor ac- 
tion potential and an older age pre- 
dicted a worse outcome. 

This study demonstrates two very 
important aspects of the heterogeneity 
of CIDP. The first relates to the estab- 
lished diagnostic criteria. Of the three 
cardinal laboratory features (slowed 
MNCVs, demyelinating nerve biopsy 
findings, and elevated CSF protein lev- 
els) that have been proposed to define 
the condition, only 18 (80%) of 60 of 
our patients had all three abnormali- 
ties, 29 (48%) had two, and 13 (22%) 
had one. Nevertheless, 56 (94.9% ) of 59 
treated patients showed an initial re- 
sponse to treatment illustrating that 
many who do not fulfill a restrictive 
definition of CIDP will respond to 
treatment. The other important aspect 
of heterogeneity relates to consider- 
ations that the condition has to occur 
in the absence of any associated disor- 
der, an approach not adhered to by 
many clinicians and investiga- 
tors. '1:1517.30.33 

These issues raise many important 
questions, not only with respect to di- 
agnostic criteria but also for the larger 
issue as to whether CIDP represents 
one condition or a disorder of diverse 
causes. We believe that our findings 
provide strong arguments in favor of a 
broader conceptualization of CIDP 
analogous to GBS. In that disorder, 
diagnostic guidelines have been 
established” with a recognition that 
diversity in clinical and laboratory fea- 
tures is to be expected. We believe that 
CIDP should also be considered a syn- 
drome. One could in fact argue that the 
name CIDP is artificial. Early reports 
referred to the condition as a steroid- 
responsive polyneuropathy'** and the 
idea of a specific entity characterized 
by inflammation and demyelination 
was introduced only more recently. In 
this light, what is the appropriate 
name for this disorder? One consider- 
ation would be the designation “CIDP 
syndrome.” This name, even with syn- 
drome included, still may imply more 
than is acceptable. One possible alter- 
native is the name “chronic GBS,” a 
term used by some authors.’? On the 
other hand, because the major authors 
bringing widespread recognition to 
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this entity were Austin and Dyck, an 
appropriate alternative would be the 
“Austin-Dyck syndrome.” 

Based on our data analysis, we are 
proposing the diagnostic criteria out- 
lined in Table 6. We recognize that 
some critics will suggest that the pro- 
posed guidelines allow for too much 
diversity, but we strongly argue 
against this position. In point of fact, 
our patient selection differs in no sub- 
stantial manner from the typical pro- 
file outlined previously,®” including 
the concept of accepting patients with 
associated diseases." Even the 
most recently published report by Mc- 
Combe et al'> included nine patients 
with associated diseases of possible 
“allergic or autoimmune aetiology.” 
The proposed guidelines for diagnosis 
contain the following: mandatory in- 
clusion criteria representing clinical 
findings common to all patients; man- 
datory exclusion criteria identifying 
patients with other known causes of 
neuropathy; and major laboratory cri- 
teria that encompass the three cardi- 
nal features of an acquired demyeli- 
nating neuropathy on the basis of 
nerve biopsy specimens, nerve conduc- 
tion studies, and CSF protein levels. 
Based on these criteria, diagnostic cat- 
egories are proposed. For each of these 
groups, patients must fulfill all the 
mandatory inclusion and mandatory 
exclusion criteria. The distinction be- 
tween groups rests on laboratory find- 
ings. The definite group would have all 
three of the major laboratory abnor- 
malities indicative of an acquired de- 
myelinating neuropathy. Since our ex- 
perience and that of others** indicate 
that treatable patients would be ex- 
cluded if only this very restrictive def- 
inition is used, we propose that “prob- 
able” and “possible” categories be es- 
tablished. The probable would include 
patients with two of three and the 
possible, those with one of three of the 
major laboratory features. 

A more controversial but no less im- 
portant group includes patients with 
associated or concurrent diseases that 
may predispose to an acquired demy- 
elinating neuropathy. To accommo- 
date this group, we are proposing the 
term “CIDP with associated or concur- 
rent illness.” The arguments for in- 
cluding these patients as part of the 
syndrome have already been pre- 
sented. The associated diseases will 
include those that have been thus far 
described as designated in Table 6 with 
the exception of diabetes mellitus. 
Further studies will be required to 
substantiate the observations of Corn- 
blath et al!’ regarding this association, 
especially in light of the potential 
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problems in both diagnosis and treat- 
ment of diabetic patients. Other asso- 
ciated illnesses are likely to be added 
in the future. In any prospective study, 
it will be important for these patients 
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to be specifically identified. 

We believe this classification repre- 
sents a framework for future studies. 
We anticipate that the proposal will 
require future modification with the 
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Distributed Anatomy of Transcortical Sensory Aphasia 


Michael P. Alexander, MD; Beat Hiltbrunner, MD; Richard S. Fischer, PhD 


e We examined four patients with 
transcortical sensory aphasia and eight 
with milder language disturbances but 
with similar thalamic and/or temporo-oc- 
cipital lesions. Specific attention was paid 
to differentiation of the computed tomo- 
graphic lesion site of the milder cases from 
the transcortical sensory aphasia cases. 
The critical lesion for transcortical sen- 
sory aphasia in these patients involved 
pathways in the posterior periventricular 
white matter adjacent to the posterior 
temporal isthmus, pathways that are prob- 
ably converging on the inferolateral tem- 
poro-occipital cortex. Analysis of the lan- 
guage function of these patients, of the 
influence of sensory modalities on lan- 
guage function, and of the interaction be- 
tween semantic memory and semantic 
lexical functions suggests the existence 
of a specific brain system for semantic 
functions. This semantic system has a 
particular distributed anatomy. We pro- 
pose that damage to this system may have 
a variety of clinical manifestations in lan- 
guage and in memory, depending on the 
exact lesion configuration. 

(Arch Neurol. 1989;46:885-892) 


ranscortical sensory aphasia 

(TCSA) is one of the classic aphasia 
syndromes of clinical neurology.’ The 
syndrome is defined by fluent aphasia 
with impaired auditory comprehen- 
sion, normal repetition, and usually, 
severe alexia and agraphia. If para- 
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phasic substitutions are prominent, 
they are usually semantic.? The syn- 
drome has been correlated with lesions 
in a variety of posterior brain regions, 
including the anterolateral thalamus,’ 
the posterior second and third tem- 
poral gyri,‘ the temporal-parie- 
tal-occipital junction,’ and inferior 
temporo-occipital region.‘ 

Two aspects of the clinical-anatomic 
correlations are unexplained. The first 
unexplained observation is that widely 
disparate lesions can produce the same 
clinical syndrome. One possible expla- 
nation is that there are specific varia- 
tions in the syndrome that depend on 
the precise location. It is also possible 
that this observation is simply a re- 
flection of the weakness of syndromes 
as variables in aphasia research; ie, the 
syndrome is so polytypic that no uni- 
form anatomy could be expected. Fi- 
nally, it is a potential clue to defining 
a distributed anatomy of language 
comprehension. 

The second clinical-anatomic puzzle 
is a more restricted one: What is the 
exact lesion topography asociated with 
TCSA after infarction in the territory 
of the left posterior cerebral artery 
(PCA)?° Infarction in the territory of 
the left PCA has been fertile ground 
for neuropsychologic research, espe- 
cially for alexia, agnosia, color-naming 
deficits, and amnesia. In this large lit- 
erature there does not seem to be even 
incidental mention of TCSA. This dis- 
crepancy suggests that there might be 
a specific, albeit uncommon, variant of 
PCA territory infarction that results 
in TCSA. 

We hypothesize that analysis of 
computed tomographic (CT) lesion 
sites in a large number of patients with 
infarction in the territory of the left 
PCA may distinguish the precise 
pathologic anatomy responsible for 
TCSA. Our article deals with four 


cases of TCSA prospectively selected 
from, and compared to, a much larger 
cohort with left PCA territory infarcts 
and left thalamic infarcts. Analysis of 
the deficits in these cases also points to 
understanding the anatomic basis of 
semantic function. 


PATIENTS AND METHODS 


We evaluated every case of CT-demon- 
strated left PCA or left thalamic infarction 
seen at Braintree (Mass) Hospital during a 
1-year period. We exclude cases of thalamic 
hemorrhage. Braintree Hospital is an in- 
tensive rehabilitation hospital. Admission 
requirements generate selected patient 
populations; thus, patients without any 
limitations in mobility or self-care are not 
admitted. We evaluated a total of 19 cases. 

Seven patients were excluded. Computed 
tomography demonstrated large bilateral 
posterior cerebral lesions in four patients. 
One patient was not evaluated by us until 
more than 5 months after onset; we were 
unable to compare his course with the oth- 
ers. One patient was seen only briefly before 
medical problems required his return to an 
acute care hospital. One elderly patient 
with a thalamic lesion was, by history, 
probably demented before the infarct. 


Subjects 


Twelve patients made up the final study 
group. Demographic and clinical data are 
summarized in Table 1. Two patients had 
exclusively thalamic lesions, five had exclu- 
sively temporo-occipital lesions, and five 
had temporo-occipital and thalamic le- 
sions. 


Assessment Methods 


In all cases, the initial evaluation was 
carried out at 2 to 3 weeks after onset and 
follow-up evaluation at 4 to 6 weeks after 
onset. Many cases were reevaluated at 4 to 
6 months. All patients were assessed with 
the same battery. Single word comprehen- 
sion in various semantic categories (ob- 
jects, parts of objects, body parts, and col- 
ors) was tested. Sentence length compre- 
hension was evaluated by matching objects 
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to functional descriptions and by respond- 
ing to yes/no inquiries of increasing length 
about common information. Reading com- 
prehension was tested by matching upper 
and lower case letters, by matching written 
letters and words to spoken ones, by match- 
ing objects to written names or descrip- 
tions, and by answering written yes/no 
questions. 

Neuropsychological evaluation was per- 
formed at 3 to 4 weeks after onset. Consid- 
erable modification of standard test admin- 
istrations was required. Particular effort 
was directed at differentiating between def- 
icits at the recognition and naming levels on 
all tasks involving objects, colors, and fa- 
mous faces. As needed, patients were given 
multiple choices (auditory or visual) from 
which to select the name of the target, given 
the opportunity to describe any feature of 
the target to indicate recognition, or al- 
lowed to provide a circumlocutory identifi- 
cation of the target. It was also necessary to 
devise multiple choice and recognition for- 
mats for all verbal memory tasks to cir- 
cumvent name retrieval problems. 

The CT scans were obtained from 1 week 
to 6 weeks after onset and were performed 
on several different machines and at several 
different angles. Reference was always 
made to the angle of scanning by the 
method of Damasio’; lesions were then 
localized with reference to published tem- 
plates for the various angles.” 


RESULTS 
Diagnosis 


Results from the initial evaluation 
are summarized in Tables 2 through 4. 
Overall aphasia diagnosis? was anomic 
aphasia in 1 patient (case 1), alexia 
with anomia in 7 patients (cases 2 
through 8), and TCSA in 4 patients 
(cases 9 through 12). 


Clinical-CT Correlations 


The CT findings are shown in Table 
5. The following seven cases illustrate 
the range of clinical-anatomical rela- 
tionships observed with thalamic and 
temporo-occipital lesions. 

Patient 1 had a small infarct of the 
paramedian thalamus. Clinical find- 
ings were anomic aphasia, amnesia, 
and unconcern. 

Patient 2 had a hemorrhagic infarct 
of the inferomedial temporo-occipital 
regions (Fig 1). There was involvement 
of at least the posterior portions of 
area 37. This lesion was typical of the 
cases with temporo-occipital lesions 
alone. Clinical findings were anomic 
aphasia and alexia. This patient had 
minimal memory difficulties, although 
some of the other patients with tem- 
poro-occipital lesions had more pro- 
found amnesia (see Table 4). 

Patient 7 had infarction of the me- 
dial occipital and inferior temporo-oc- 
cipital regions (Fig 2). There was also 
patchy infarction of the inferior lat- 
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Case/Age, 
y/Sex 





Education, y Paresis 


2/69/F 12 None 














Spoken 


Spontaneous 
Output 


Auditory 
Case 






1 Sparse; semantic Normal 
errors 

2 Probably normal Normal 

3 Probably normal Normal 

4 Frequent semantic Normal 


errors 


Rare semantic 
error 


Normal 











Normal 


Mild, transient 
decrease 


7 Normal 


8 Occasional 
semantic error 


9 Extended jargon 


perseverative 


eral thalamus and cerebral peduncle. 
Clinical findings were mild anomia and 
severe alexia. 

Patient 8 had infarction of the in- 
feromedial temporo-occipital junction 
and the posterolateral thalamus (Fig 
3). Clinical findings were anomic apha- 
sia, alexia, amnesia, and mild and 
transient visual agnosia. 

Patient 9 had extensive infarction of 
the inferomedial temporo-occipital 
junction (including at least inferior 
portions of area 37) as well as damage 
to the lateral thalamus (Fig 4). There 
was virtual confluence of lesion at the 
lateral margin of the lateral ventricle 
deep to posterior temporal cortex. The 
anterior temporal isthmus was unin- 
volved. On the acute period CT scan of 


Table 1.—Demographic and Neurologic Findings 


1/72/F 12 None None None 


3/84/F 4 None None UQ: severe; 
LQ: neglect 


4/70/M 11 Mild 
5/69/M 16 None 
6/67/M 12 None 
7/53/M 12+ Severe 
(sparing face) 
8/66/M 12 Mild 
9/81/F 12 Mild 
10/68/M 12 Mild 
11/72/M 16 Mild 
(akinetic) 
12/68/M 3 None 


*UQ is upper quadrant and LQ, lower quadrant, of right visual field. 


Table 2.—Language 


err m~_,0.0,_,_— 


Comprehension 









Severe decrease 


10 Jargon Severe decrease 
11 Jargon Severe decrease 
12 Sparse; echolalic, Moderate decrease 








Visual Field Defect * 





Sensory 






Moderate 
(face, arm, trunk) 


UQ: severe; 
LQ: partial /neglect 

















None Severe 
Mild (sparing face) UQ: severe; 
LQ: partial /neglect 
None Severe 
Severe Severe 






Moderate (face, arm) UQ: partial/neglect, 












LQ: neglect 
Moderate Severe 
Severe Severe 
Severe Severe 
None Neglect only 

















Reading, 

% Comprehension 
$$ LLL LLL, 
Oral Oral Matching Matching 
Letters Words Letters Words 



















100 100 100 100 
80 75 100 80 
100 60 100 100 
40 12 80 67 












90 65 100 100 
100 TT 
10 0 22 0 
60 25 100 
o 0 0 0 






this patient, the deep confluence of le- 
sion, including edema, was prominent. 
Clinical findings were TCSA, visual 
agnosia, and amnesia. 

Patient 10 had a lesion similar to 
patient 9; the CT scan in Fig 5 was done 
within a week of the stroke and showed 
edema and infarction. This early CT 
made clear the extent of lesion in the 
deep temporal periventricular white 
matter and its confluence with lesion 
in the posterolateral thalamus. 

Patient 12 had a large infarct re- 
stricted to the thalamus (Fig 6). The 
major damage was to the anterolateral 
regions, but there was also infarction 
in the paramedian territory, similar to 
the damage in case 1. Clinical findings 
were TCSA, amnesia, and unconcern. 
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Variations on Clinical-CT Correlations 
in Cases of TCSA 


Beyond the overall similarity of the 
language profiles in the patients with 
the full TCSA syndrome (cases 9 
through 12), there were pronounced 
clinical differences between the pa- 
tient with thalamic TCSA (case 12) 
and the patients with temporo-occipi- 
tal-thalamic TCSA (cases 9 through 
11). It was possible to detail differ- 
ences in quality of output, persevera- 
tion, and anosognosia. 

Output.— While the patient with the 
thalamic TCSA lesion had proposi- 
tional, sentence length responses to 
open-ended questions, his spontaneous 
utterances were very terse. Echolalia 
of a portion of the examiner’s state- 
ment was, at times, the entire utter- 
ance. The temporo-occipital-thalamic 
- cases had more typical, abundant 
empty utterances. Although echolalia 
was also noted in these patients, it was 
usually the unwitting incorporation of 
a small portion of the examiner’s ques- 
tion into a longer response. 

Perseveration.—In the patient with 
thalamic lesion, perseveration was 
prominent in all domains of testing. In 
` the temporo-occipital-thalamic cases, 
perseveration was noted, but it was not 
the major error type in all domains of 
testing as it was in the thalamic case. 
In the temporo-occipital-thalamic 
cases, fatigability of language perfor- 
mance was prominent. 

Anosognosia.—All patients had 
anosognosia for their deficits, but the 
patient with the thalamic lesion dem- 
onstrated marked unconcern about all 
aspects of his performance. The tem- 
poro-occipital-thalamic cases seemed 
to have no concern during conversa- 
tion before testing, but when con- 
fronted with their failures during test- 
ing sessions, they gradually became 
_ distressed. This may have indicated 
recognition that they were failing 
tasks that they should not fail. 


Associated Agnosia and Amnesia 


More detailed consideration of the 
disturbances of object recognition and 
of memory in all of the cases—both 
TCSA and alexia/anomia—highlights 
the complexity of the full TCSA syn- 
drome. 

Agnosia.—Object agnosia was con- 
sistently observed only in the temporo- 
occipital-thalamic cases. Two of the 
alexia-anomia patients (cases 5 and 8) 

ad mild and transient agnosia. Agno- 
Sia was difficult to confirm in the pop- 
ulation with profound aphasia, but the 
operational definition requires evi- 
dence of complete lack of recognition 
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Table 3.—Naming*: 


Common S 

Objects Body Parts 
o ees —_—.cnk 
Objects Parts On Examiner On Self 


Case Colors 


* Results are given as percentage correct. 
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Table 4.—Memory Functions * 
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Wechsler Memory Scale; and VR, visual ia i immediate, of the Wechsler Memory Seale 


swt 





Temporo- 



























ae ~ occipital , 7 PEZE 

Medial Temporo- - Medial White “ Temporal P. 

Case Thalamus Temporal occipital Occipital Matter Isthmus 2 na kg 

Paramedian Te n ie eS ua,” 

Only Patchy.” *, Partial ` oy a 

retrosplenial | A ean 

3 Partial Partial 1" Me 
4 i 

5 ee 

6 Ry. EE 7 ie 

7 Posterior oe Patchy Partial i< > g> g OER e ee >, 


Dense Dense Posterior 
Dense ‘**» Dense: 


Dense 


Dense 
Dense 
Dense 


9 Posterolateral 
Posterolateral 
Posterolateral 


Large lateral 
and paramedial 



























11 


Fig 1.—Case 2. Unenhanced CT scan performed 1 month after onset: 
there is infarct in the medial temporal and occipital lobes, involving the 
temporal white matter posterolateral to the temporal horn on the lowest 
cuts and the posterior portions of area 37 on the higher cuts (arrow, 


bottom row, left and center) in addition to the medial occipital region. 





Fig 3.—Case 8. Unenhanced CT scan per- 
formed 1 month after onset; there is infarction 
in the posterolateral thalamus, inferior occipi- 
tal/posterior, inferior temporal cortex, ie, pri- 
marily inferior portions of area 19, deep tem- 
poral white matter, parahippocampal region, 
and patchy medial occipital regions. The ven- 
tricles are enlarged, and there are scattered 
periventricular lucencies. 


of common objects. This had many 
manifestations: (1) the patients failed 
to describe the function, general cate- 
gory, or common uses of displayed fa- 
miliar objects; (2) they did not indicate 
through gesture that they knew the 
uses of any of the objects; and (3) from 
an array of six common objects, they 
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Fig 2.—Case 7. Unenhanced CT scan performed several months after 
onset; there is extensive, but patchy infarction. It involves the temporal 
white matter posterior to the temporal horn, the posterior thalamus, the 
cerebral peduncle, and the medial occipital region. 





Fig 4.—Case 9. Unenhanced CT scan performed 1 month after onset; there is extensive involve- 
ment of hippocampus, parahippocampal gyrus, inferior temporo-occipital cortex, including poste- 
rior portions of area 37, the posterolateral thalamus, and medial occipital regions. Note the con- 
fluence of lesion extending posteriorly and laterally around the temporal horn and then without in- 
terruption into the posterior thalamic lesion (arrow, bottom row, center). The anterior temporal 
isthmus is not involved. 


could not select an object named, de- 
scribed, or its use imitated. These def- 
icits were present in the visual and 
tactile modalities (results for naming 
are in Table 3). In patients 10 and 11, 


who were very impaired in all tasks of 


recognition via any modality, we were 
able to test ability to do cross-modal 


matching of real objects (visual to tac- 
tile or tactile to visual). That is, first 
shown a pencil, they could then select, 
using the tactile modality alone, the, 
pencil from a group of four objects out 
of sight. This ability was better than 
recognition with either modality 
alone. 
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Fig 5.— Case 10. Unenhanced CT scan performed 1 week after onset; 
there is extensive low density, presumably evolving infarction and 
edema, involving hippocampus, parahippocampal gyrus, medial occip- 


ital regions, posterior thalamus, and temporal white matter confluent with 
the thalamic lesion. Area 37 does not seem to be involved. 


In the milder alexia-anomia cases, 
while agnosia was not noted, some de- 
terioration in language performance 
was noted when tested in the visual 
modality. This modality-specific effect 
was noted in three ways (Table 3). 
First, in some patients (cases 1, 5, and 
6), tactile naming was simply better 
than visual naming of the same ob- 
jects. Second, in the same cases when 
errors were made, tactile naming re- 
sulted in better errors (such as circum- 
locutions) than did visual naming (in 
which perseverations were promi- 
nent). Third, in several, but not all, 
patients (cases 5, 6, and 8), naming 
body parts was better when the patient 
was asked to name a part touched on 
him or her than when asked to name a 
body part pointed to on the patient or 
on the examiner. 

Amnesia.—All cases, except two, 
were amnesic (Table 4). When tested, 
the disturbance in memory was found 
in the nonverbal as well as in the ver- 
bal domain. The agnosic patients had 
such severe recognition disturbances 
that assessment of nonverbal recall 
was impossible. Retrograde amnesia 
was difficult to test in every patient, 
and there was considerable variability 
in the extent of loss. In the anomic-al- 
exic patient, retrograde amnesia was 
fairly shallow. One patient (case 3) had 
returned from a once-in-a-lifetime 
trip a few days before her illness. Her 
{daughter who accompanied her was 
‘able to pinpoint a retrograde amnesia 
of about 5 to 7 days. Given the famous 
faces retrograde memory test in a 
multiple choice format, there was not 
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a strong effect of decade in any of the 
cases (Table 4). 

It was difficult to distinguish the 
memory disturbance from the lan- 
guage disturbance in the TCSA cases 
and, to a lesser extent, in two amnesic 
anomic-alexic patients (cases 5 and 8). 
The patients looked at a picture of a 
famous person, described the person, 
then rejected the correct name when 
offered, or else accepted it with the 
same unconvinced acquiescence with 
which they accepted correct or incor- 
rect object names. Open-ended ques- 
tions, such as, “Can you tell me any- 
thing about...(Henry Kissinger, 
Stan Musial, Guadalcanal, Pearl Har- 
bor, etc)?,” produced no evidence of 
recognition. Multiple choice probes, 
such as, “Was Stan Musial 
a... (baseball player, politician, actor, 
etc)?,” were also ineffective. 


COMMENT 


There are several historical land- 
marks in the evolution of observations 
and theories about TCSA. The term 
was coined by Wernicke in 1874.' In his 
famous diagram of 1885, Lichtheim’ 
depicted TCSA as a disruption of con- 
nections between Wernicke’s area and 
a center of concepts (Begriffsfeld). The 
latter was not meant as a circum- 
scribed cortical area, but rather as all 
cortical operations as they converged 
on Wernicke’s area for verbal repre- 
sentation. Goldstein! placed his dis- 
cussion of transcortical aphasias in a 
chapter entitled “Nonaphasic distur- 
bances in language.” For the mecha- 
nism of TCSA he suggested damage 





Fig 6.—Case 12. Unenhanced CT scan performed 1 month after onset; 
there is circumscribed low density in the thalamus, involving the para- 
median territory and the posterolateral territory. 


“to the relation between the instru- 
mentalities [of language] and the non- 
language mental performances.” Both 
of these proposals resemble Wer- 
nicke’s original idea that TCSA was a 
loss of the relation between mental ac- 
tivities and language, ie, lexical repre- 
sentation of these activities. Coslett et 
al" have recently updated this idea by 
proposing that TCSA represents a loss 
of lexical-semantic function, ie, a loss 
of the ability to retrieve meaning from 
words. 

Benson and Geschwind” have sug- 
gested a specific anatomic basis for 
this disconnection: damage to the mul- 
timodal association regions of the tem- 
poral lobe. Luria”? also considered the 
effects of damage to the inferior tem- 
poro-occipital junction relevant to this 
disorder. He proposed that “extinction 
of word meaning” occurred after le- 
sions in this area. According to Luria, 
this phenomenon is the loss of capacity 
to retrieve the meaning of a word from 
any stimulus relevant to that word, 
even the word itself. 

All of these notions have in common 
the sense that words can be recognized 
to be words. In addition, words can be 
manipulated at the phonemic level, ie, 
repeated, although repetition may be 
through lexical (ie, with knowledge 
that the stimulus is a word) or nonlex- 
ical routes.'' But whatever the re- 
tained phonemic and lexical capaci- 
ties, the words do not elicit meaning/ 
concepts. It is explicit in some 
models''? and implicit in others’? 
that retained phonemic function is due 
to absence of lesion in Wernicke’s area. 
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Beer anterior choroidal artery. 
Mei ‘Gr -Radford et alë asserted that 

~ aphasia’ does not occur after anterior 
_ choroidal infarcts. There are, however, 


‘a q ‘series of cases with anterior choroidal’ 
_. infarction that do include reports, al- 


~ beit scattered ones, of similar aphasia 
A profiles.”?> There is no agreement 


' among these ‘authors about whether 
th erior: ‘choroidal artery actually. 
ao 


ley ‘oe “os 
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type, TCSA has been identified at a., 
e demehtia;the disorder involves. 


rominent in the infer- ! 
“i ote èe'withħout involving the 
vi su aa aal region. Loss of word. 


rariscortical sensory. aphasia has | 


s with, stroke cases that the ‘best 
i dtettial for specifying the anatomic © 


ere ion, (Brodman’s area 37) produce - 


‘further to. include the posterior 


supplies the reticular nucleus, the lat- 
eral thalamus, or only the white mat- 
ter of the posterior limb of the internal 
capsule immediately lateral to the 
thalamus. 

Kertesz et alf seem to have been the 
first modern investigators to describe 


- TCSA in a large number of PCA terri- 


tory lesions. The CT and radionuclide 
scans for these cases were published as 
overlying composite schematics. In- 
spection of the composite figures does 
not readily provide an anatomical 
mechanism for the occurrence of 
_TCSA in these particular cases when 
-TCSA is apparently not seen after the 
majority of PCA cases. On the pub- 
lished composites there is no indica- 


` tion of any examples of thalamic dam- 


age. Further, not all patients have le- 
sions extending laterally to reach or 
undercut convincingly area 37. Whilea 
minority of these cases were said to 
, show visual agnosia, there is no case- 
by-case information that would allow 
us to attempt to make parallels with 
our cases. 
The motivation for our investigation 
was the expectation that analysis of 
CT lesion sites in consecutive cases of 
infarcts in the territory of the left PCA 
would distinguish between cases with 
typical anomia-alexia syndromes from 
ones with TCSA. Excluding the purely 


. thalamic TCSA case, our other three 
x patients with TCSA (cases 9 through 


11) had lesions in the inferolateral 
temporo-occipital junction; however, 
so did several of the cases with only 


_alexia-anomia. All three patients with 


TCSA had lesions in the lateral thala- 
mus; so did two patients with anomia- 
alexia (cases 7 and 8). Only patients 
with TCSA had lesions in the postero- 


.. lateral thalamus and the deep tem- 


poro-occipital white matter extending 
' up to and along the periventricular re- 
gion of proximal temporal horn. We 


_ believe that this may be the precise 
. pathologic anatomy of TCSA after in- 


farction in the PCA territory. 
An important piece of negative evi- 
- dence comes from a recent report con- 
cerning verbal memory after left PCA 
‘territory infarction.” Analysis of 20 
cases demonstrated that persistent 
verbal memory deficits were uniformly 
associated with infarction of the white 


*, matter isthmus (the collateral isth- 


“ mus) lying inferior to the temporal 
-horn of the lateral ventricle. Word 


-~ finding difficulties, impaired perfor- 


mance on the information subtests of 


: the intelligence test, and “difficulties 
„in retrieving previously well-known 


names of persons, places, ete” were 
observed in the group with poor verbal 


memory. None was, however, aphasic, 


and none had lesions extending later- 
ally to the temporal horn demon- 
strated on the case schematic (Fig 3) in 
that report. That is, none had the 
lesion defined in our patients. There is 
clearly room to speculate, however, on 
the interaction of the semantic sys- 
tems organized lateral to the temporal 
horn (TCSA) with the verbal memory 
systems organized inferior to the prox- 
imal temporal horn. 

One implication of all of the theories 
cited above about the neuropsycholog- 
ical basis of TCSA has been the con- 
cept that TCSA represented an im- 
pairment of semantic function. In our 
patients, the TCSA syndrome can be 
interpreted as damage to three differ- 
ent dimensions of semantic function. 

First, visual-verbal processing is 
damaged, ie, the mapping of semantic 
reference or meaning on to visual stim- 
uli, such as letters or common objects.” 
Depending on the item tested and the 
circumstances of testing, this deficit 
could have the clinical appearance of 
an aphasic (semantic errors or circum- 
locutions) or an agnosic (perceptual or 
recognition errors) disorder. 

Second, auditory-verbal processing 
is damaged at the postlexical stage, ie, 
mapping of semantic meaning or ref- 
erence onto a stimulus that has been 
“recognized” as a word.” Depending on 
the context of testing, this deficit could 
seem unequivocally aphasic, for in- 
stance, an inability to point to named 
objects, body parts, colors, etc, from a 
multiple choice array, in the absence of 
deficits in use of the objects or in rec- 
ognition of famous people. In a differ- 
ent context, this deficit could seem un- 
equivocally amnesic, for instance, an 
inability to select named famous peo- 
ple or pictures of famous places from a 
multiple choice array, in the absence of 
any deficit in identification of object 
names. In some contexts, for instance, — 
cases in this report and perhaps in 
certain stages of Alzheimer’s 
disease,'*” it is difficult to be certain if 
the semantic deficit is aphasic, amne- 
sic, both, or supraordinate to both. 

There has recently been extensive 
reconsideration of the theories that 
semantic knowledge has multiple rep- 
resentations along dimensions defined 
by specific sensory modalities” and 
theories that semantic knowledge is 
central and supramodal.” We cannot 
speak directly to that controversy for 
two reasons. We did not test semantic 
knowledge deeply. Second, our goal 
was to elucidate the anatomy of th 
larger syndrome using a select popu- 
lation—PCA territory infarcts. This 
automatically selected a population of 
patients with a bias toward impaired 


Aphasia— Alexander et al 


a AT, as J Fw 
l4 Peoi 


visual recognition. 

The third damaged semantic func- 
tion inferred from these cases is se- 
mantic activation. Ojemann* demon- 
strated that electrical stimulation of 
the lateral thalamus, ventrolateral nu- 
cleus to be specific, could produce nam- 
ing, recognition, or auditory memory 
deficits in different patients, with dif- 
ferent strengths of current, and with 
different timings of current applica- 
tion. He postulated that the lateral 
vestibular nucleus has a role in the ac- 
tivation of cortical semantic capaci- 
ties, a role that has different manifes- 
tations depending on the testing con- 
texts. In this model, the distribution of 
semantics is cortical, but the system- 
atic access to semantics requires the 
thalamic connections. 

These neuropsychological deficits 
converge after lesions in area 37 as 
demonstrated by Damasio.‘ We pro- 
pose that the anatomical pathways of 
convergence can also be identified. It is 
these pathways of convergence that 
unify the various lesions associated 
with TCSA. One lesion configuration 
that results in TCSA is damage to the 
deep temporo-occipital white matter, 
the periventricular white matter 
around the proximal temporal horn, 
which includes the posterior half of the 
temporal isthmus, and the adjacent 
posterolateral thalamus. This lesion 
would disrupt the projections to area 
37 from visual association cortex and 
from the thalamus (excluding the me- 
dial geniculate-temporal pathways 
that run through the anterior tempo- 
ral isthmus from more inferior origins 
in the thalamus.” Most infarcts in the 
anterior choroidal territory do not 
cause this syndrome.”'? It is uncertain 
what exact lesion topography is re- 
quired or exactly which thalamocorti- 
cal bidirectional systems might be in- 
volved, but large lesions along the su- 
perolateral margin of the thalamus 
can disrupt these convergent 
functions.” There has been a single 
case study of TCSA after anterior cho- 
roidal territory infarction using xenon 
regional cerebral blood flow.” This pa- 
tient had a large infarct in the poste- 
rior limb internal capsule that seemed 
to run the entire length of the thala- 
mus. The blood flow study in the rest- 
ing state demonstrated relative de- 
creases in cortical blood flow in a wide 
arc of temporal and parietal cortex. 
This could be support for the concept of 
distributed, bidirectional thalamocor- 


4 tical systems, functionally discon- 


nected by lesions that damage the lat- 
eral outflow of the thalamus. 

Lesions of the converging associa- 
tion pathways may not disrupt central 
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semantic processes. The white matter 
lesions instead may isolate preserved, 
or at least partially preserved, central 
processes from specific sensory input 
or disconnect the various sensory rep- 
resentations of semantic processes 
from each other. Some of our most im- 
paired patients could do cross-modal 
matching of objects that they could not 
overtly recognize, name, or match toa 
name. Because cross-modal matching 
can be completed at the perceptual- 
structural level, this finding can only 
be taken to suggest that there is isola- 
tion or disconnection of central pro- 
cesses from specific sensory inputs 
that are not entirely isolated from 
each other. 

Intrathalamic damage can also ap- 
parently disrupt these functions? (as in 
our case 12). It is unknown which thal- 
amic nucleus (or nuclei) injury might 
be critical for the proposed distur- 
bances in semantic functions. The nu- 
clei damaged in the cases of antero- 
lateral infarction are anterior, 
ventroanterior, ventrolateral, dorso- 
medial, and the midline nuclei. Other 
than the proposed deficits in semantic 
activation, it is unknown which exact 
thalamocortical or intrathalamic dis- 
ruptions produce the various deficits. 


CONCLUSION 


We propose that these cases provide 
evidence for the existence of a specific 
functional brain system that has a 
specific distributed anatomy. Damage 
to this functional system produces dis- 
turbances in semantic functions. The 
manifestations are disturbed seman- 
tic-lexical comprehension, recall, and 
recognition. Our study, a clinical-ana- 
tomic one, cannot speak to the larger 
controversy” about the neuropsycho- 
logical structure of semantic represen- 
tations. The distributed anatomy in- 
cludes the posterior temporal associa- 
tion cortex, Brodman’s area 37, and 
perhaps (at least in some individuals) 
an even larger crescent of posterior 
association cortex, portions of Brod- 
man’s areas 39 and 19, at the temporal- 
parietal-occipital junction.** The anat- 
omy also includes some elements in the 
anterior or lateral thalamus, although 
exactly which ones is still speculative. 
And finally, there are the white matter 
regions in which the afferent projec- 
tions to these thalamic and cortical 
centers converge. The primary focus of 
these converging pathways seems to be 
in the posterior periventricular white 
matter adjacent to the proximal tem- 
poral horn, the immediately adjacent 
posterior portion of the temporal isth- 
mus, and along the posterolateral mar- 
gin of the thalamus. 
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Naturally occurring cerebral lesions 
do not typically produce damage that 
is restricted to this system. The dis- 
turbance in semantic functions will 
usually be embedded within other cog- 
nitive disturbances. Sometimes it may 
be embedded in a manner that does not 
even allow ready identification of the 
specific semantic deficit. When damage 
occurs after large lateral temporal le- 
sions that encroach into this system 
from its anterior and lateral margins, 
the clinical result will be a more clas- 
sic Wernicke’s aphasia in which the 
semantic deficit plays only a partin the 
overall language impairment. When 
damage to the proposed semantic sys- 
tem occurs with lesions that are pri- 
marily occipital and encroaching from 
the posterior margin, the semantic 
deficit might accompany a more pro- 
found alexia. There may also be an ex- 
aggeration of the language distur- 
bance when tested in the visual do- 
main, as in our cases and those of 
Kertesz et al with infarction in the 
PCA territory.‘ It has been argued that 
the semantic deficit can be limited to 
the visual domain.” 

When damage to the system is in the 
anterior thalamus, there is injury to 
the anterior, ventroanterior, dorsome- 
dial, and ventrolateral nuclei. These 
nuclei all have major projections to 
and from the frontal lobe, some motor, 
some motor association, and some 
frontal limbic and prefrontal. Perhaps 
it is the damage to these nuclei that 
produces the profound aspontaneity 
(including of speech), bradykinesia, 
unconcern, and anosognosia that ac- 
companies the semantic defect after 
thalamic lesions. 

When damage to the proposed se- 
mantic system accompanies damage to 
memory systems, particularly in the 
medial temporal lobe, the semantic 
deficit may even include disturbances 
in those aspects of semantics that have 
been considered semantic memory 
rather than language. 

The difficulties retrieving “well- 
known names of persons, places, etc” 
and loss of “information” in the con- 
text of “word finding difficulties” that 
was reported by Von Cramon et al” 
may represent examples of this inter- 
action of memory with language. The 
more profound loss of semantic knowl- 
edge in our four patients with TCSA 
could represent the most extreme 
damage to semantic systems for mem- 
ory and language. 

Detailed analysis of semantic func- 
tion in conjunction with detailed ana- 
tomic studies should define the specific 
distributed anatomy of the semantic 
systems. 
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Neurosyphilis in Acquired Immunodeficiency Syndrome 


Debra A. Katz, MD, Joseph R. Berger, MD 


è In a retrospective study encompass- 
ing 42 months (January 1984 through July 
1987), 12 patients were identified as hav- 
ing both neurosyphilis and acquired immu- 
nodeficiency syndrome. These patients 
constituted 44% of the entire group meet- 
ing rigorous diagnostic criteria for neuro- 
syphilis and 1.5% of all patients hospital- 
ized with acquired immunodeficiency syn- 
drome. The typical patient with acquired 
immunodeficiency syndrome and neuro- 
syphilis was young (mean age, 37 years) 
and male (83%). All had serological evi- 
dence of syphilis in both blood and cere- 
brospinal fluid. Syphilitic eye disease was 
surprisingly common in this group, oc- 
curring in 5 (42%). Four patients (33%) had 
been previously treated for syphilis. In 2, 
treatment for latent syphilis had been 
completed 3 and 5 months, respectively, 
before neurosyphilis was documented. 
Neurosyphilis is not uncommon in patients 
with acquired immunodeficiency syn- 
drome in our population. In light of its 
diverse manifestations, syphilis should be 
considered in the differential diagnosis of 
any human immunodeficiency virus type 
1-infected individual presenting with neu- 
rological, psychiatric, or ophthalmological 
disease. 

(Arch Neurol. 1989;46:895-898) 


The incidence of neurosyphilis is dif- 

ficult to evaluate because of under- 
reporting, difficulty in establishing the 
diagnosis, diverse clinical presenta- 
tions, and arrest of the illness by 
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treatment with antibiotics for other 
infections.’ There was a threefold in- 
crease in the nationwide incidence of 
infectious (primary and secondary) 
syphilis from its nadir in 1957 to 1983,° 
and the incidence continues to 
increase.’ In some areas of the country, 
the incidence may be substantially 
higher than the national average. For 
instance, in 1987 in Florida the inci- 
dence of infectious syphilis was 65.9 
per 100000,’ almost five times higher 
than the national average. Groups that 
experienced an increase in rates of 
syphilis have included homosexual and 
bisexual men in the 1970s* and, more 
recently prostitutes and drug abusers.’ 
The risk groups for the acquired im- 
munodeficiency syndrome (AIDS) also 
encompass these same groups!™"!; thus, 
it is not surprising to find syphilis and 
AIDS occurring together. In fact, early 
epidemiological studies linked a his- 
tory of syphilis with the development 
of AIDS." Reviews of the neurological 
complications of human immunodefi- 
ciency virus type 1 (HIV-1) infection, 
the cause of AIDS, report low rates of 
neurosyphilis.!*!> McArthur’ stated 
that “active neurosyphilis is not com- 
mon amongst those at risk for HIV in- 
fection” and observed only 1 patient 
with neurosyphilis among 186 HIV-1- 
infected individuals referred for eval- 
uation of neurological problems. De- 
spite this reported low incidence, 
preliminary communications have 
suggested that neurosyphilis occur- 
ring in association with HIV-1 infec- 
tion is particularly florid and rapidly 
progressive.’ In an effort to determine 
the frequency and clinical character- 
istics of neurosyphilis in AIDS, we re- 
viewed all cases diagnosed as neuro- 
syphilis at a large, public, university- 


affiliated hospital over the 42-month 
period between January 1984 and July 
1987. 


PATIENTS AND METHODS 


We reviewed all charts coded for the di- 
agnosis of neurosyphilis (International 
Classification of Disease, 9th revision, Clin- 
ical Modification 094.9) from January 1984 
through July 1987. Only individuals with a 
positive cerebrospinal fluid (CSF) VDRL 
slide test were diagnosed as having neuro- 
syphilis. The diagnosis of AIDS was made 
using revised Centers for Disease Control 
(Atlanta, Ga) criteria’? and included not 
only patients with HIV-1 seropositivity but 
also those with unknown, inconclusive, or 
negative laboratory evidence of HIV infec- 
tion who had an “indicator disease,” such as 
Kaposi’s sarcoma, Pneumocystis carinii 
pneumonia, cryptosporidiosis, and esoph- 
ageal candidiasis. 

RESULTS 


Eighty-five charts were coded with a 
diagnosis of neurosyphilis during this 
42-month period. Twenty-seven pa- 
tients fulfilled our criteria for the di- 
agnosis of neurosyphilis. The remain- 
ing 58 patients were excluded because 
of (1) failure to obtain a lumbar punc- 
ture or (2) negative CSF VDRL. Twelve 
(44% ) of these 27 patients also fulfilled 
criteria for the diagnosis of AIDS. 
Their pertinent findings are summa- 
rized in the Table. Eleven patients 
were HIV-1 seropositive and had a 
documented indicator disease. The pa- 
tient with AIDS without laboratory 
tests for HIV-1 was a 27-year-old 
homosexual male intravenous drug 
abuser with disseminated cytomegalo- 
virus and Mycobacterium tuberculosis 
infections, and a T4/T8 lymphocyte 
ratio of 0.3. During this same period, a 
total of 829 patients were hospitalized 
with AIDS. 
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Neurological and Cerebrospinal Fluid Findings in Syphilis and AIDS* 


Cerebrospinal Fluid 
_——_-.—————_—_—-- _—ooo 
WECs, Protein, Glucose, 
X10°/L g/L mmol/L 


Patient No./Age, 
y/Sex/Race 


1/37/M/W 
2/48/M/W 
3/59/M/... 


CT Scan Classification 
Asymptomatic 
Meningitis 


Meningovascular 


Risk Factor 


Findings 
L syphilitic retinitis 
L panuveitis 


AMS, dysarthria, R hemiparesis, 
L Vill & XII, +FRS 


4/37/M/B Gay AMS, malaise 3 0.69 3.0 Cerebral atrophy GPI 
5/26/M/W ? H/A, tinnitus, papilledema, fever 20 1.16 2.9 Normal Meningitis 
2.1 











Gay, IVDA Ra's 
Multiple infarcts 


6/27/M/B Gay, IVDA Aphasia, R hemiparesis, 6 C+ meng; L lobar hem Meningovascular 


retrobulbar neuritis 





7/47/M/B ? AMS, seizures 35 1.24 4.4 Mult SC infarcts Meningovascular 


Normal Asymptomatic 
C+ nodule, R temp Asymptomatic 
Normal Meningovascular 
Normal Meningovascular 


8/32/M/W Gay Malaise 5 0.62 27 
9/24/M/B Prostitute Malaise, rash, conjunctivitis 0 0.48 2.8 
10/29/F/B IVDA AMS, L hemiparesis 800 2.00 2.0 
11/47/M/W Gay AMS, R hemiparesis 228 1.40 1.1 


12/29/F/B 


Malaise, rash, conjunctivitis, 





papilledema 


Normal Meningitis 


* AIDS indicates acquired immunodeficiency syndrome; WBC, white blood cell; CT, computed tomography; IVDA, intravenous drug abuse; AMS, altered mental status; 
VIII, vestibulocochlear nerve; XII, hypoglossal nerve; +FRS, positive frontal release signs; GPI, general paresis; H/A, headache; C+, contrast enhancing; meng, meningeal; 
hem, hemorrhage; Mult, multiple; SC, subcortical; and temp, temporal lobe. In all cases, VDRL was reactive. 


The mean age of the patients with 
neurosyphilis and AIDS was 37 years, 
with a range from 24 to 59 years. Ten 
(83% ) were male. Six (50% ) were white 
and 6 were black. Risk factors for 
AIDS included homosexuality in 3, in- 
travenous drug abuse in 2, homosexu- 
ality and intravenous drug abuse in 2, 
and sexual relations with prostitutes 
in 1. No risk factors were recorded in 4 
patients. 

Four patients gave a history of syph- 
ilis infection. Two had been treated 10 
years earlier with an unspecified num- 
ber of intramuscular benzathine peni- 
cillin injections. Two had completed 
the Centers for Disease Control-rec- 
ommended course of treatment with 
benzathine penicillin for latent syphi- 
lis only 3 and 5 months earlier, respec- 
tively, before presenting with neuro- 
syphilis. 

Symptoms on presentation were 
chiefly neurological in nature. The 
most common neurological symptoms 
were hemiparesis and visual problems. 
With regard to the latter, symptoms 
included impaired visual acuity 
(three), eye pain and redness (two), 
and sudden blindness (one). An altered 
mental status brought three patients 
to the hospital and seizures brought 
two. In two patients whose hospital 
admissions were prompted by fever, no 
neurological symptoms were recorded 
on admission. The most common find- 
ing on physical examination was an 
altered mental status, predominantly 
characterized by disorientation and 
memory loss. Ophthalmological find- 
ings revealed conjunctivitis (two), re- 
tinitis (one), panuveitis (one), retro- 
bulbar neuritis (one), and papilledema 
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(two). One patient had both conjunc- 
tivitis and papilledema. Four patients 
exhibited a hemiparesis, and one had 
unilateral involvement of the auditory 
and hypoglossal cranial nerves. Be- 
cause of their clinical appearance, the 
absence of other identifiable illnesses, 
and, in some instances, response to 
therapy, these abnormalities were at- 
tributed to neurosyphilis. 

The median serum rapid plasma re- 
agin titer was 1:256, with a range from 
1:4 to 1:2058. Serum fluorescent 
treponemal antibody absorption was 
3+ to 4+ in the 11 patients in whom it 
was tested. A CSF pleocytosis was ob- 
served in all but 4 patients. The high- 
est CSF white blood cell value was 
800 x 10°/L. In all instances of CSF 
pleocytosis, mononuclear cells pre- 
dominated. The mean CSF white blood 
cell count was 132 X 10°/L. The CSF 
protein level was elevated (>0.45 g/L) 
in all patients. The mean value was 106 
g/L, ranging from 0.45 to 2.00 g/L. The 
mean CSF glucose value was 2.8 mmol/L 
but was below this value in only 3 
patients, 2 of whom had the greatest 
degree of CSF pleocytosis (228 and 
800 X 10°/L, respectively). Repeated 
lumbar punctures were performed in 6 
patients with AIDS from 7 days to 3 
months after treatment was initiated. 
Five patients had improvement in their 
CSF profiles, with decreased numbers of 
white blood cells in 5 and decreased 
protein levels in 3. None, however, 
had a reversion in their CSF VDRL to 
nonreactive. 

Computed tomographic scans of the 
brain were performed in 10 patients. In 
5 (50%) the brain was normal. Five 
scans were abnormal, showing cere- 


bral atrophy (1), multiple infarctions 
(2), meningeal enhancement and lobar 
hemorrhage (1), and a small nodular 
enhancing lesion (1). 


COMMENT 


Neurological disease frequently 
complicates HIV-1 infection. In a re- 
cent study, neurological disease oc- 
curred in 63% of patients with AIDS 
and heralded the disorder in 20% of 
these patients. These neurological 
complications may be the direct result 
of HIV on the central or peripheral 
nervous system or may result from 
other infections, malignant neoplasia, 
vascular disease, or toxic-metabolic 
disorders.'*!* Syphilis is now recog- 
nized as one of the infectious compli- 
cations of HIV-1 infection."* In our se- 
ries, patients with AIDS constituted 
44% of the total number of patients 
with neurosyphilis but represented 
1.5% of all patients hospitalized dur- 
ing the same 42-month period. This 
finding strongly suggests that HIV-1 
infection in our population is frequent 
in patients diagnosed as having active 
neurosyphilis. Conversely, 1.5% of all 
patients hospitalized with AIDS had 
concomitant neurosyphilis; however, it 
is quite likely that the strict criteria 
we employed for diagnosing neuro- 
syphilis may have resulted in an un- 
derreporting of this illness. That AIDS 
and neurosyphilis occur together fre- 
quently is contrary not only to the ex- 
perience of McArthur" but also to our 
own early experience with AIDS." Ev- , 
idence for an increased occurrence of 
syphilis with HIV-1 infection has been 
previously reported,” and the associa- 
tion is not unexpected, as both are sex- 
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ually transmitted diseases. 

The young mean age (37 years) of the 
patients with AIDS and neurosyphilis 
is suggestive of a relatively rapidly 
progressive course for neurosyphilis in 
this group. However, the latency to the 
development of acute syphilitic men- 
ingitis and meningovascular neuro- 
syphilis, the two most common forms 
of neurosyphilis that we observed in 
this series, is typically less than 5 
years from the time of primary infec- 
tion to the development of neurological 
symptoms. Unfortunately, the dates in 
which either syphilis or HIV-1 infec- 
tion were acquired could not be deter- 
mined or estimated in this population. 
Of particular interest, two patients 
had syphilitic ophthalmic disease and 
neurosyphilis documented 3 and 5 
months after receiving the CDC-rec- 
ommended dose of benzathine penicil- 
lin for latent syphilis, also suggestive 
of an alteration in the natural history 
of syphilis when the individual is coin- 
fected with HIV-1. 

Treponema pallidum may invade 
the nervous system early in the course 
of infection. The organism has been 
isolated from normal CSF in 15% to 
25% of patients with early syphilis.” 
In addition, 18% of patients with un- 
treated primary syphilis” and 25% to 
40% of patients with untreated sec- 
ondary syphilis” have abnormal 
CSF, although only 1% to 2% have an 
acute meningitis.“ An unusual pro- 
gression and aggressiveness of neuro- 
syphilis in AIDS has been suggested." 
This alteration in the course of neuro- 
syphilis may be explained by the al- 
teration in cell-mediated immunity 
that occurs with HIV-1 infection. Con- 
versely, experimental evidence”?! re- 
veals decreased cell-mediated immu- 
nity early in syphilis infection. This 
early immunosuppression is demon- 
strated by: (1) absence of skin reaction 
to treponemal antigens, (2) depletion 
of lymphocytes in lymph nodes, and (3) 
suppression of in vitro lymphocyte re- 
activity to treponemal and non- 
treponemal antigens. In addition, 
there is evidence that response to non- 
treponemal antigens, such as Candida 
and Trichophyton, is depressed early 
in syphilis infection.” The subsequent 
development of cell-mediated immu- 
nity leads to modification and regres- 
sion of the skin lesions and the estab- 
lishment of latency. Conceivably, the 
inability of patients with HIV-1 infec- 
tion to establish delayed hypersensi- 

tivity may prevent secondary syphilis 
` from evolving to latency or may cause 
a spontaneous relapse from the latent 
state. The impairment of delayed hy- 
persensitivity may account for the 
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acute development and rapid progres- 
sion of neurological disease in AIDS, 
mirroring the nature of other central 
nervous system infections in AIDS, 
such as toxoplasmosis and progressive 
multifocal leukoencephalopathy. The 
pathogen in each of these instances 
exists in a latent state, becoming evi- 
dent only after the onset of immuno- 
suppression. Additional studies will be 
required to confirm the impression of 
an altered course of neurosyphilis in 
some HIV-1-infected individuals and 
address its pathogenesis. 

A strikingly high frequency of syph- 
ilitic ophthalmological disease was ob- 
served in this group. Syphilitic eye 
disease in patients with AIDS has only 
recently been documented.” Several 
comprehensive reviews***> fail to men- 
tion syphilis as a cause of ocular com- 
plaints in patients with AIDS. Eye 
disease may occur in all stages of 
syphilis infection. Uveitis and perineu- 
ritis are more common in early (pri- 
mary and secondary) syphilis, whereas 
chorioretinitis, optic atrophy, and pu- 
pillary abnormalities are found more 
often in late infection.** These later 
manifestations may be signs of pro- 
gressive disease and require equally 
aggressive treatment, as is used in the 
management of neurosyphilis. Con- 
junctivitis may result from chancre or 
gummas of the conjunctiva or occur in 
association with papular syphilids.* 
Papilledema may result from the sus- 
tained increased intracranial pressure 
of syphilitic meningitis. Optic perineu- 
ritis or optic neuritis may mimic 
papilledema. Syphilitic retinitis may 
be difficult to differentiate from that of 
cytomegalovirus.” In light of the avail- 
ability of effective treatment for ocu- 
lar syphilis and the marked improve- 
ment in visual function that may en- 
sue, we feel strongly that ocular 
syphilis should be considered in the 
differential diagnosis of any HIV-1- 
infected patient with eye disease. 

In conclusion, neurosyphilis was 
documented to occur in at least 1.5% of 
our hospitalized patients with AIDS. 
It should be considered in the differ- 
ential diagnosis of any HIV-1-infected 
patient with an unexplained neurolog- 
ical, psychiatric, or ophthalmological 
illness. We believe that all patients 
documented to be HIV-1 infected 
need to be screened for syphilis in 
an attempt to prevent the serious 
sequelae that may result when syphi- 
lis remains untreated. Screening 
should be performed by the serum 
fluorescent treponemal antibody ab- 
sorption test; however, anecdotal 
reports”?! indicate that even this 
usually highly sensitive test for 


secondary, latent, and tertiary 
syphilis may be false-negative in 
HIV-1-infected individuals. If the 
test is positive, serum VDRL or 
rapid plasma reagin studies should 
be performed to follow serum titers. 
Additionally, all seropositive patients 
should have a CSF examination re- 
gardless of the presence or ab- 
sence of neurological symptoms and 
signs and history of treatment. Re- 
ports of the failure of penicillin ther- 
apy to prevent the development of 
subsequent neurosyphilis'’** are 
concordant with our own observa- 
tions. In two recent articles, con- 
comitant HIV infection was estab- 
lished, and the authors suggested 
that impaired cell-mediated immunity 
altered the natural course of syphilis. 
Intriguingly, many of the earlier 
reports*'* involved homosexual men 
as well, raising the specter of concom- 
itant HIV infection. The current Cen- 
ters for Disease Control recommenda- 
tion for the treatment of neurosyphilis 
in HIV-infected patients is at least 10 
days of either intravenous aqueous 
penicillin G (12 to 24 million U/d in di- 
vided doses every 4 hours) or aqueous 
procaine penicillin G, 2.4 million U in- 
tramuscularly daily, plus probenicid, 
500 mg orally four times daily.** The 
appropriate treatment of other forms 
of syphilis occurring in association 
with HIV-1 infection is currently de- 
bated but may need to be equally 
vigorous.*® In all cases, close serolog- 
ical and CSF follow-up is essential.” 


This study was supported in part by grant P01 
NS 25569-01 from the National Institutes of 
Health. 
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OR PERSONNEL—dissection skills to become familiar with the appli- 
cations of power instrumentation; discussion of and participation in 
problem solving, care, and proper mainte- 
nance of power equipment. 
AREA ATTRACTIONS: 
SPECTATOR SPORTS—Baseball, Jai Alai, 
Greyhound Racing, Polo, Golf, Tennis, 


Sailing. S 
PARTICIPANT SPORTS—Golf, tennis, swim- ; 
ming, sailing, racquetball. %9 








SIGHTSEEING—Lion Country Safari White- | 4 
hall (Henry Flagler mansion), Hibel Museum 4, | 
of Art, Science Museum, Morikami Museum, 
Norton Art Gallery, Society of the Four Arts. 


The American Medical 
Electroencephalographic Association 


23rd Annual Meeting 
Vancouver, British Columbia 
Four Seasons Hotel 
september 28 - October 1, 1989 


* Special Course in Vestibular Physiology 
and Electronystagmography 
Course Director: Joseph Toglia, M.D. 
* Seminar on Brain Mapping 
Seminar Director: Fernando Miranda, M.D. 
* General Scientific Sessions on EEG and 
Seizure Disorders, Epilepsy, Head Trauma, 
Sleep Disorders, Ambulatory Cassette 
Monitoring, Spike and Wave Discharges 
Program Chairman: Andrew Leemhuis, M.D. 
* American Board of Electroencephalography 
and Neurophysiology (ABEN ) Examinations 


For Information Contact: 


AMEEGA 
850 Elm Grove Rd., Elm Grove, WI 53122 
(414) 797-7800 





Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
DECEMBER 14-15-16 
JANUARY 11-12-13 © 29-30-31, 1990 
FEBRUARY 12-13-14 ¢ 22-23-24 1990 


OR PERSONNEL SYMPOSIA (ORP 700) 
rath ia for OR Personnel only: 
SEPTEMBER 14-15-16, 1989 
MARCH 29-30-31, 1990 


SHOPPING—In the old world style is Worth Avenue with some of 
the best boutiques in the world and many other malls and stores 
throughout Palm Beach County. 

DINING—There are 2,000 restaurants to choose from in the area 
with many boasting 5 star ratings. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other) $250.00. Make check to “Palm Beach Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. 

Phone: 800-433-7639 or 817-831-2604. 


*Join the more than 7,300 enrollees who have completed Midas Rex Hands- 
+ On Workshops. 
Surgeons; 1,500 Neurosurgeons; 2,100 


(3,700 Orthopaedic 
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Please send me additional information. 
University Microfilms International 


300 North Zeeb Road 
Dept. P.R. 

Ann Arbor, MI 48106 
U.S.A. 

Name 

Institution 

Street 

City 

State 


18 Bedford Row 
Dept. P.R. 

London, WC1R 4EJ 
England 





Excellent opportunity in Los Ange- 
les-Long Beach area for motivated 
well trained Neurologist to join two 
man group. CT Scan, Carotid Ultra- 
sound, EEG, Evoked Potential and 
EMG on site. Active medical student 
and residency teaching program af- 


filiated with UCI. Position open im- 
mediately. Initial salary with early 
partnership. Please contact Drs 
Laurence Carnay and Richard Gra- 
ham—Los Angeles Neurological 
Center (213) 531-2220 or sent 
C.V. to 2865 Atlantic Ave Suite 
#154 Long Beach, CA 90806. 





A busy 15 neurologist group in Min- 
neapolis seeks an energetic neurol- 
ogist with a strong interest in the 
clinical care of patients. The ideal 
candidate should have expertise in 
neurophysiology and an interest in 
teaching residents and medical stu- 
dents. Participation in clinical re- 
search is available. The practice Is 
located in a beautiful, modern facil- 
ity and is equipped with all diag- 
nostic tools. Position available in 
July, 1990. Please contact Craig 
Weflen, Administrator, Noran Neu- 
rological Clinic, 910 E. 26th St., 
Mpls, MN 55404. 





THE NATIONAL INSTITUTE OF NEUROLOGICAL 
DISORDERS AND STROKE 
National Institutes of Health, Public Health Service 


MEDICAL STAFF FELLOWSHIPS 
FOR JULY 1990 


The Clinical Neurosciences Program of the National 
Institute of Neurological Disorders and Stroke, National 
Institutes of Health, Public Health Service, offers two 
year appointments as Medical Staff Fellows to Board 
Certified or eligible neurologists. Approximately ten 
positions are available each year. 


The training program is oriented toward developing skills 
and credentials for a career in academic neurology; 
extensive educational activities are aimed at the 
fellowship level. Each fellowship focuses in depth on an 
area of clinical or basic research relevant to neurological 
disease. Opportunities include: 


Epilepsy Dr. William Theodore 


Extrapyramidal Disease Dr. Thomas Chase 
and Dementia 


Neuroimmunology Dr. Dale McFarlin 


Neuromuscular Disease Dr. Marinos Dalakas 
and AIDS 


Clinical Neuropharmacology Dr. Ronald Polinsky 

Metabolic Neurology Dr. Roscoe Brady 
Neuroimaging Dr. Giovanni DiChiro 
Neuroepidemiology Dr. Gustavo Roman 

EEG Dr. Susumu Sato 

EMG Dr. Roger Gilliatt 

Consultation Neurology Dr. Barbara |. Karp 
Human Motor Control Dr. Mark Hallett 


As a Medical Staff Fellow you will receive an initial salary 
of $32,000 with increments of $2,000 per year up to a 
maximum salary of $36,000. Moving, travel expenditures 
and Federal health care benefits are available. 


Applicants may write directly to the sponsor of the 
particular fellowship of interest. More detailed 
information is available from: 


Mark Hallet, M.D. 

Clinical Director, NINDS 
Building 10, Room 5N226 
National Institutes of Health wht INS» 
9000 Rockville Pike 
Bethesda, Maryland 20892 
Phone: (301) 496-1561 
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Prolongation of the P-300 Latency Associated 
With Hydrogen Sulfide Exposure 


Heidi H. Wasch; William J. Estrin, MD; Peter Yip, MD, MPH; Rosemarie Bowler, PhD; James E. Cone, MD, MPH 


@ Three patients exposed to hydrogen 
sulfide developed persistent cognitive im- 
pairment, as suggested by the P-300 
event-related potential and measured by 
neuropsychological testing. Routine neu- 
rological and physical examinations were 
unremarkable, although the patients were 
sufficiently impaired so as to be unable to 
work. The P-300 event-related potential 
and neuropsychological testing proved to 
be important in the detection of cognitive 
dysfunction following acute hydrogen sul- 
fide exposure. The three patients with 
neurocognitive dysfunction were acutely 
exposed to hydrogen sulfide. The inci- 
dents occurred independently and under 
different circumstances. Each patient was 
evaluated at the Northern California Occu- 
pational Health Clinic, San Francisco, ex- 
amined neurologically and neuropsycho- 
logically, and evaluated with a P-300 
event-related potential. Each patient had 
persistent neurological symptoms, neu- 
ropsychological deficit, and abnormally 
prolonged P-300 latencies. 

(Arch Neurol. 1989;46:902-904) 


Hydrogen sulfide is a highly danger- 

ous gas, which occurs naturally 
and is a by-product of many industrial 
processes. Occupations at risk for hy- 
drogen sulfide exposure include the 
following: asphalt roofing,’ barium 
carbonate production, brewery work, 
caisson work, carbon disulfide produc- 
tion, chemical laboratory work, felt 
making, glue making, hydrogen sulfide 


Accepted for publication February 6, 1989. 

From the Department of Neurology (Ms Wasch 
and Dr Estrin) and Division of Occupational 
Medicine (Drs Estrin, Yip, Bowler, and Cone), 
University of California, San Francisco. 

Reprint requests to Occupational Health Clinic, 
Bldg 9, Room 109, San Francisco General Hospi- 
tal, San Francisco, CA 94110 (Dr Cone). 
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production, industrial waste disposal, 
industrial fishing,’ liquid manure stor- 
age and production,’ mining, natural 
gas production, petroleum refining, 
phosphorus sesquisulfide production, 
rubber vulcanizing, septic tank clean- 
ing, sewer work, sugar beet processing, 
sulfur dye production, sulfur mono- 
chloride production, sulfuric acid pu- 
rification, tannery work, viscose rayon 
production, and well digging.’ 

There are several reported cases of 
hydrogen sulfide intoxication, mostly 
associated with organic decomposition 
of materials in sewers, liquid manure 
tanks, and industrial waste tanks.>!! 
The recurrent pattern of these cases is 
the collapse and rapid loss of con- 
sciousness of a worker entering a tank 
of recently emptied or agitated liquid 
manure or sewage. Other workers, in 
efforts to rescue their fellow worker, 
often enter the gas-filled tank and lose 
consciousness themselves without the 
protection of a self-contained breath- 
ing apparatus. 

Altered cortical function has been 
detected using the P-300 with confu- 
sional states and dementing illness,” 
and following exposure to alcohol.” 


PATIENT AND METHODS 


A portable microprocessor with an 8-byte 
analog-digital converter was used for auto- 
matic measurement of P-300 event-related 
cortical potential, latencies, and amplitude. 
Through the use of this analog-digital con- 
verter, the electroencephalographic signal 
is derived from two scalp electrodes and one 
reference wrist electrode. The microproces- 
sor produces tones in a specific paradigm to 
elicit the P-300 potential that occurs ap- 
proximately 300 ms after the onset of a rare 
tone. The auditory output consists of 60-dB 
tone bursts with a 50-ms duration and 
ramped rise and fall time of 10 ms. The in- 
terstimulus interval is 880 ms, with a ran- 
dom stimulus sequence, with the exception 
that no two rare tones occur in a row. 


Ninety percent of the tones are at 1000 Hz; 
10% of the tones at 2000 Hz (rare tones). A 
total of 270 frequent 1000-Hz tones and 27 
rare 2000-Hz tones are sampled. Patient 
participation is limited to counting the 27 
rare tones, and the potential will occur in all 
patients regardless of whether they are 
counting rare stimuli or not. 


REPORT OF CASES 


Case 1.—A 31-year-old white man was in 
his usual state of good health until Septem- 
ber 1983. At that time he was captain of a 
fishing boat. He was urgently summoned 
because a crew member had collapsed and 
lost consciousness in the empty holding 
tank into which rotting fish brine had been 
inadvertently pumped. A poisonous gas was 
suspected, but the patient did not detect any 
specific odor when he arrived at the scene. 
Because of the urgency of the situation, the 
patient had himself lowered into the tank. 
Once in the tank he was able to place the 
fallen victim partially into a rescue net. 
However, on taking a single breath, he 
quickly lost consciousness. He and the other 
crew member were rescued shortly there- 
after by others wearing self-contained 
breathing apparatus. 

The patient required mouth-to-mouth re- 
suscitation and was transferred to a local 
hospital where he regained consciousness 1 
day after the incident. Subjectively, he ex- 
perienced visual blurring and left-sided 
numbness and weakness. On neurological 
examination, he was confused and uncoop- 
erative and exhibited generalized hypore- 
flexia. He had evidence of gross pulmonary 
edema and hypoxia(Po, = 50mm Hg). Af- 
ter treatment with intravenous furosemide 
and methylprednisolone his pulmonary 
symptoms resolved and he soon became 
more alert. 

One week later his chest roentgenogram 
was normal, but he continued to have mild 
hypoxia with a Po, of 74 mm Hg. He 
continued to note numbness of the left hand 
and weakness of the left leg. On neurologic a 
examination, he was alert, cooperative, and 
able to give a detailed history. He was un- 
steady and weak in both lower extremities 
and the left upper extremity. An electroen- 
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cephalogram (EEG) and a computed tomo- 
graphic scan of the head were within nor- 
mal limits. Nerve conduction velocity and 
results of an electromyogram were also 
normal. The diagnosis was as follows: toxic 
gas exposure and severe cerebral anoxia 
with neurological deficits. 

Over the 3 years since the incident, the 
patient continued to have left-sided numb- 
ness, weakness, disturbed sleep, nausea, 
poor memory, and poor concentration with 
a diminished attention span. The patient 
was depressed with irritability, night- 
mares, and suicidal ideation, despite trials 
of antidepressants, and he required hospi- 
talization in December 1984 for severe de- 
pression and anxiety (diagnosed as post- 
traumatic stress neurosis). Since his dis- 
charge in February 1985, he has continued 
to suffer from manic-depressive-like mood 
swings. His sleeping habits, and the left- 
sided numbness and weakness have im- 
proved. His recent memory and concentra- 
tion remained impaired, and he was tired 
and listless when depressed. 

At the Northern California Occupational 
Health Clinic, San Francisco, (NCOHC), in 
July 1986, his general fund of information 
was poor, with errors in naming past pres- 
idents. Sensory examination showed de- 
creased pin prick and light touch over the 
left shoulder, with no other reproducible 
sensory loss to pin prick, vibration, stereog- 
nosis, or proprioception. There was slight 
but reproducible weakness on the left arm 
and left leg, to approximately 90% of nor- 
mal, both proximally and distally. There 
was no reflex asymmetry except at the knee 
(2/1) and ankles (2/1). There was a left pal- 
momental reflex and bilateral plantar re- 
sponse. 

Neuropsychological testing was also 
grossly abnormal, with severe deficits in his 
attention, concentration, and verbal mem- 
ory and learning. The P-300 event-related 
potential was abnormal, with a latency of 
459 ms (normal, <343 ms). 

Case 2.—This 35-year-old white man, a 
soil inspector at a geyser/geothermal en- 
ergy plant, was in his usual state of good 
health until May 1984. At that time, he was 
heating two 4.5 - kg soil samples in convec- 
tion and microwave ovens housed within a 
trailer. This procedure was used to dry the 
soil for subsequent soil compaction testing. 
After 30 minutes of the heating process, he 
began to notice a rotten egg odor emanating 
from the microwave oven vent and subse- 
quently from the convection oven door. 
When the patient entered the trailer to in- 
vestigate the source of this increasingly of- 
fensive odor he immediately experienced 
burning irritation of his face, eyes, and 
nose. He became dizzy and short of breath, 
and noticed electrical-type feelings radiat- 
ing down both arms and hands. 

On admission to a local hospital, the pa- 
tient was found to have nystagmus on right 
lateral gaze, mild hypesthesia of both 

vhands, and mild hyperrefiexia. No other 
“neurological abnormalities were noted. 
During his hospitalization of 5 days, he ex- 
perienced difficulties with concentration, 
auditory hallucinations, and shortness of 
breath. Arterial blood gases, complete 
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blood cell count, and laboratory chemistry 
studies were all normal. Results of an EEG 
were slightly abnormal due to bilateral 
low-amplitude theta slowing, suggestive of 
mild bilateral cerebral dysfunction. 

Despite a gradual resolution of his symp- 
toms, he had continued to have paresthe- 
sias of both arms, visual blurring, dimin- 
ished short-term memory, and a feeling 
that he was “not playing with a full deck,” 
ie, mental slowing. Results of follow-up 
EEG in February 1985 were also mildly ab- 
normal with mild suppression of the back- 
ground rhythm in the left frontotemporal 
region. 

When he was seen in June 1985 at 
NCOHC, results of the physical and neuro- 
logical examinations were normal. Results 
of EEG and computed tomographic scan of 
the head were also within normal limits. 

In 1985, neuropsychological testing re- 
vealed moderate to severe deficits in sus- 
tained attention, concentration, and visual 
spatial memory. He was also noted to be 
severely depressed and anxious. The P-300 
event-related potential was abnormal, with 
a prolonged latency of 375 ms (normal, <346 
at age 35 years). By May 1987, the P-300 la- 
tency returned to normal, with a latency of 
286 ms, and the patient has subsequently 
improved, although no follow-up neuropsy- 
chological testing was obtained. 

CASE 3.—A 24-year-old white man was 
employed as a pipe insulator at a geyser/ 
geothermal energy plant located in an area 
known to have naturally occurring hydro- 
gen sulfide vents. He stated that he was in 
his usual state of excellent health until May 
1985 when he suddenly felt light-headed 
with a spinning sensation while working 
outside near a cooler. He lost consciousness 
and rolled into a shallow, low-lying area 
where hydrogen sulfide accumulated. For- 
ty-five minutes later he was taken by am- 
bulance to a local hospital. In the emergency 
department he was noted to be flushed. He 
had sustained a concussion, but did not re- 
quire hospitalization. The patient reported 
that a coworker had been similarly affected 
a few days earlier at the same low-lying lo- 
cation. 

One week after the incident, he at- 
tempted to return to work, but was unable 
to work due to recurrent dizziness and 
severe daily headaches. He described his 
headaches as bandlike from temple to tem- 
ple and from the occipital to the frontal re- 
gion. Associated with this was blurred vi- 
sion, nausea, and left anterior chest pain. 
He also had near-syncopal and syncopal 
episodes when standing abruptly. He be- 
came irritable and had struck his wife on 
several occasions since the accident. 

When the patient was seen at the NCOHC 
in July 1985, the frequency of his headache 
and dizziness had diminished to twice per 
week. He found that he could avoid the 
near-syncopal episodes by arising slowly. 
His physical and neurological examina- 
tions were normal and without evidence of 
postural hypotension. Results of an EEG, 
computed tomographic scan, and electro- 
cardiogram were also within normal limits. 

Neuropsychological testing revealed mild 
to moderate deficits in sustained concen- 
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tration and attention and calculation. His 
P-300 event-related potential latency was 
abnormally prolonged at 390 ms (normal, 
<336 for age 25 years). 


RESULTS 


All three cases were physically ex- 
amined at the NCOHC. Results of a 
neurological examination in patient 1 
revealed a slight weakness of the left 
arm and leg to approximately 90% of 
normal, both proximally and distally. 
The neurological examination results 
in the other two patients were normal. 
Results of computed tomographic 
scans were normal in all three pa- 
tients. Patient 2 had a mildly abnor- 
mal EEG 2 weeks after exposure due to 
bilateral low-amplitude theta slowing. 
On his examination at the NCOHC 1 
year later, the EEG results were nor- 
mal. The other two patients had nor- 
mal EEG results. P-300 latencies and 
neuropsychological testing were ab- 
normal in all three patients. In all 
three cases, attention and concentra- 
tion were most severely impaired, with 
lesser degrees of impairment in vari- 
ous cognitive, memory, psychomotor, 
and perceptual abilities. Over a 2-year 
period, the P-300 latency of patient 2 
returned to normal. 


COMMENT 


The physiologic effects of hydrogen 
sulfide occur with a consistent dose- 
response relationship. At concentra- 
tions of 150 parts per million (ppm), 
hydrogen sulfide is detectable by its 
rotten egg odor and is a local irritant 
to the conjunctival membranes and 
respiratory tract; at the high end of 
this interval (100 to 150 ppm), slight 
systemic symptoms will occur after 
several hours. Odor is not a reliable 
warning signal for hydrogen sulfide. 
Although the odor is noticeably offen- 
sive below 150 ppm, olfactory fatigue 
can occur within 2 to 15 minutes at 100 
ppm.'* Above 150 ppm, the olfactory 
nerve is paralyzed and hydrogen sul- 
fide becomes undetectable. (Coins in 
the pockets of exposed patients will 
turn black, indicating exposure to hy- 
drogen sulfide.!*) Serious consequences 
are the result of increasing exposures 
above 150 ppm, beginning with pulmo- 
nary irritation and edema after pro- 
longed exposure at 200 ppm. Above 700 
ppm, intoxication is often immediate 
and fatal, the result of respiratory 
failure from respiratory center paral- 
ysis, asphyxia, then cardiac failure. 

The most important route of absorp- 
tion of hydrogen sulfide is through the 
lungs. Although one report of poison- 
ing due to sulfur-containing ointment 
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has been reported, percutaneous ab- 
sorption of gaseous hydrogen sulfide is 
most likely of no great importance. 
Self-contained breathing apparatus 
covering only the face and head are 
adequate protection for those needing 
to work in environments with concen- 
trations of hydrogen sulfide sufficient 
to prove fatal to an unprotected 
worker.’ Like cyanide, hydrogen sul- 
fide inhibits the cytochromic oxidase 
system. It binds to the cytochromic 
oxidase ferric (Fe**) moiety and inhib- 
its oxidative phosphorylation.'” It can 
also cause direct and irreversible dam- 
age to nerve tissue as a result of cell 
and enzyme poisoning.'* Because of its 
rapid oxidation in the blood, hydrogen 
sulfide is not considered a cumulative 
poison; the effects of low-dose exposure 
have not yet been studied. 

Common neurological symptoms as- 
sociated with acute hydrogen sulfide 
exposure include nervousness, fatigue, 
weakness of the extremities, head- 
aches, dizziness, light-headedness, 
sleep disturbances, spasms, convul- 
sions, disturbed equilibrium, agita- 
tion, and delirium. Hoidal et al! and 
Stine et al’ reported neurological se- 
quelae in two patients: one 35-year-old 


1. Hoidal C, Hall A, Robinson M, et al. Hydro- 
gen sulfide poisoning from toxic inhalations of 
roofing asphalt fumes. Ann Emerg Med. 1986; 
15:826-829. 

2. Simson RE, Simpson GR. Fatal hydrogen 
sulfide poisoning associated with industrial waste 
exposure. Med J Aust. 1971;1:331-334. 

3. Dalgaard B, Dencker F, Fallentin B, et al. 
Fatal poisoning and other health hazards con- 
nected with industrial fishing. Br J Ind Med. 
1972;29:307-316. 

4. Milby TH. Hydrogen sulfide intoxication. 
J Occup Med. 1962;4:431-437. 

5. Kemper FD. A near-fatal case of hydrogen 
sulfide poisoning. Can Med Assoc J. 1966;94:1130- 
1131. 

6. Adelson L, Sunshine I. Fatal hydrogen sul- 
fide intoxication. Arch Pathol Lab Med. 1966; 
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man who suffered permanent severe 
neurological injury and remained in a 
vegetative state after asystolic car- 
diopulmonary arrest in an asphalt 
tank. The other patient developed in- 
termittent frontal headaches, irrita- 
bility, and poor concentration span. 
Results of neuropsychological tests 
showed deficits in verbal abstraction, 
attention span, and short-term mem- 
ory. Two months after exposure, the 
patient was still experiencing occa- 
sional headaches, but the neurologic 
examination results were normal." 
Direct damage to the cardiac muscle 
by hydrogen sulfide has been con- 
firmed by electrocardiographic abnor- 
malities. Gastrointestinal tract 
symptoms have also been reported, in- 
cluding nausea, abdominal cramps, 
gastric burning, vomiting, and severe 
diarrhea. 

Neuropsychological testing of our 
three patients revealed cognitive im- 
pairment due to hydrogen sulfide ex- 
posure, independent of secondary per- 
sonality and affective impairment. All 
three patients had moderate to severe 
attention and concentration deficits, as 
well as various degrees and types of 
memory, learning, and perceptual def- 
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icits. 

Event-related potentials have been 
shown to be closely related to cognitive 
function. The P-300 event-related po- 
tential latency is prolonged in patients 
with dementing illness,” and the P-300 
latency in all three cases was pro- 
longed, with the most severely exposed 
and impaired patient having the most 
prolonged abnormal latency. The 
symptomatic improvement in one pa- 
tient was associated with normaliza- 
tion of the P-300 latency over a 2-year 
period. 

The P-300 is an objective determi- 
nation that is useful as an adjunct to 
neuropsychological evaluation for “or- 
ganicity,” particularly in the setting of 
a group of workers exposed to poten- 
tially neurotoxic agents in which doc- 
umented decrements of psychomotor, 
cognitive, or other neuropsychological 
tests are reported. Patients with acute 
exposure to hydrogen sulfide should be 
evaluated with formal neuropsycho- 
logical testing and the P-300 event-re- 
lated potential, even if routine neuro- 
logical examination results are nor- 
mal. 
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“Modern Dissection Techniques 
Of Bone, Biometals, 


Bioceramics, and Bioplastics” 


JANUARY 17-18-19, 1990 (NEURO / ORTHO 700) 
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co-sponsored by the MEMORIAL MEDICAL CENTER, 
SAVANNAH, GEORGIA 


and 

Edward F. Downing, M.D., 

William N. Wessinger, M.D., MIDAS REX” Institute 
Susan Mitchell, Ed.D., 

Stewart Willason, Ph.D. 

















Course Directors: 


SYMPOSIUM FORMAT 






WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An inten- ACCOMMODATIONS: Marriott’s Casa Marina Resort, $ 
sive series of hands-on exercises utilizing appropriate 1500 Reynolds Street, Key West, Florida 33040. Phone: 
animal bones, skeletal bones, etc.: 305-296-3535. gi 
Orthopaedic Surgeons—dissection in small bones, 
a a ENROLLMENT: Fee (US$): Surgeon $965.00; Resident 
large bones, spines, joint replacement, revision $585.00 (with letter from Department Head); RN/CST/ 


surgery, methylmethacrylate, polyethylene, and i 
biometals, including broken stem extraction. a SAR kara add Pr E EEE 

Neurosurgeons—dissection skills for bonework of 76111. Phone: 800-433-7639. 

the cranium and spine, including attention to bio- 

plastics and biometals applicable to neurosurgery. CREDIT; 18 Hours CME Category 1. 








Join the more than 7,300 enrollees who have completed Midas Rex Hands-On Workshops. 
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Absorption of Valproic Acid Suppositories 
in Human Volunteers 


Gregory B. Holmes, PharmD; William E. Rosenfeld, MD; Nina M. Graves, PharmD; 
Rory P. Remmel, PhD; Gary H. Carlson, RPh; Robert D. Kriel, MD 


@ The absorption of valproic acid ad- 
ministered by rectal suppository was stud- 
ied in six male volunteers. Valproic acid 
was incorporated into a synthetic lipid 
base in our pharmacy. Each subject re- 
ceived 500 mg of valproic acid by rectal 
suppository and 500 mg of oral valproate 
sodium syrup one week apart; 13 blood 
samples were drawn to determine serum 
concentrations over 48 hours after admin- 
istration of each formulation. Significant 
differences were evident in the amount 
absorbed, maximum serum concentration, 
and time to achieve maximum serum con- 
centration between the oral and rectal 
formulations. Mean absorption after rectal 
suppository was 80%. Maximum serum 
concentration was 43.4 mg/L after oral 
administration and 29.2 mg/L after rectal 
suppository. The time to achieve maxi- 
mum serum concentration was 1.0 hour 
after oral syrup and 3.1 hours after rectal 
suppository. Absorption of the rectal sup- 
pository was consistent and complete 
within 3 hours. The use of valproate so- 
dium in rectal suppository form can be a 
more convenient and satisfactory method 
of administering valproic acid when the 
oral route is impossible. Dosage increases 
may be necessary, and serum concentra- 
tions should be monitored. 

(Arch Neurol. 1989;46:906-909) 


Qr! administration of valproic acid 

effectively controls many types of 
seizures in adults and children when 
therapeutic serum concentrations are 





Accepted for publication September 3, 1988. 

From the Department of Pharmacy Practice, 
College of Pharmacy, University of Minnesota, 
Minneapolis (Drs Holmes, Graves, and Remmel); 
Comprehensive Epilepsy Program of Minnesota, 
Minneapolis (Dr Holmes); Department of Neurol- 
ogy, St Louis (Mo) University Medical Center (Dr 
Rosenfeld); Department of Pharmaceutical Ser- 
vices, University of Minnesota Hospital and Clin- 
ics, Minneapolis (Mr Carlson); and Department of 
Pediatric Neurology, Ramsey Clinic and St Paul- 
Ramsey Medical Center, St Paul, Minn. 

Reprintsnof available. 

p F Ma t W 4 ¥¥ 


906 Arch Neurol—=Vol 46, August 1989 


maintained.' When circumstances pre- 
vent oral administration, such as when 
a patient is undergoing abdominal sur- 
gery or has a gastrointestinal disorder, 
reliable alternate routes of adminis- 
tration must be used. Antiepileptic 
drugs without parenteral formula- 
tions, such as valproic acid, pose prob- 
lems in such situations. If the oral 
regimen is interrupted, abrupt discon- 
tinuation of drug may result in a pre- 
cipitous drop in serum concentrations 
and a recurrence of seizures. 

Rectal administration of valproic 
acid has been shown to be safe and 
reliable,” although there has been no 
convenient method for this route of 
administration. Most studies report 
use of aqueous solutions which are of- 
ten difficult to administer rectally. 
Valproic acid has been used clinically 
aS a microenema most often in 
children.***"' The suppository pro- 
vides an acceptable alternative for 
adults. Only one study’ has fully eval- 
uated the rate and extent of absorption 
for rectally administered valproate so- 
dium suppositories. However, the 
study used extemporaneously pre- 
pared products not readily available in 
the United States. Valproate supposi- 
tories are unavailable commercially 
and require the assistance of a phar- 
macist. We developed a valproate rec- 
tal suppository that can be prepared in 
most hospital pharmacies. To evaluate 
the efficacy and safety of this prepara- 





Subject/Age, y Weight, kg 





1/31 93.2 
2/35 84.1 
3/30 65.0 
4/28 77.0 

78.2 


Table 1.—Subject Characteristics 





tion, we measured absorption and clin- 
ical tolerance of valproate rectal sup- 
positories in healthy human volun- 
teers. We compared the results with 
the orally administered reference 
drug, valproic acid in syrup form. 


METHODS AND SUBJECTS 
Suppository Formulation 


Suppositories were prepared by incorpo- 
rating the liquid contained within val- 
proate (Depakene) capsules into a commer- 
cially available synthetic lipid base (Sup- 
pocire C) (Gattefosse Laboratories, 
Elmsford, NY). The liquid from the cap- 
sules was released by breaking the gelatin 
capsule in a standard blender. The result- 
ant mixture was filtered under vacuum 
through a funnel (Büchner) to separate the 
liquid from the gelatin pieces. Each 250-mg 
valproate capsule contains 0.49 mL of liq- 
uid, and the calculated volume was mea- 
sured to make the required number of 250- 
mg suppositories. The solid synthetic lipid 
base was then melted over low heat (40°C). 
The liquid valproic acid was mixed with the 
molten base, and the resultant mixture 
poured into 2-mL aluminum suppository 
molds. The suppositories were hardened at 
10°C. After 24 hours, the suppositories were 
removed from the molds and stored in the 
refrigerator until needed. The weight of the 
suppository was adjusted to 2 g and con- 
tained 12.5% (wt/wt) valproate. 


Study Design 


Six healthy male volunteers gave their 
informed consent and agreed to participate 





Valproic Acid or Valproate Sodium 
—q—————— — ue. 















Order of 
Dose, mg/kg Administration 
5.4 Oral, rectal 
5.9 Oral, rectal 
7.7 Rectal, oral 
6.5 Rectal, oral 
6.4 Oral, rectal 






Rectal, oral 
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in a single-dose, two-period, randomized 
crossover study (Table 1). Subjects ab- 
stained from food for at least 12 hours be- 
fore the drug was administered. Each sub- 
ject received 500 mg of valproic acid by oral 
syrup and rectal suppository one week 
apart. The evening before rectal adminis- 
tration, 10 mg of bisacody] was taken orally. 
The suppository was inserted approxi- 
mately 7.5 cm into the rectal vault. Subjects 
were observed for 30 minutes after admin- 
istration to ensure retention of the drug. 
Valproic acid (Depakene) oral syrup was 
taken with 50 mL of water. Food was with- 
held for 4 hours after each dose. 

After each administration, venous blood 
was obtained through an indwelling cathe- 
ter to which a heparin lock was attached. 
Blood was obtained immediately preceding 
the dose and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 
24, 36, and 48 hours after the dose. Blood 
was allowed to clot and was centrifuged; the 
serum was collected and frozen at —20°C. 


Assay 


To determine the relative bioavailability 
of valproate from the suppository, a rapid 
and sensitive capillary gas chromato- 
graphic method was developed for the anal- 
ysis of valproic acid. All samples were an- 
alyzed in duplicate. Serum (0.5 mL) and 50 
ug of the internal standard, 1-methyl, 1-cy- 
clohexane carboxylic acid (Aldrich, Mil- 
waukee, Wisc) in 25 uL of methyl alcohol 
were mixed. Each sample was adjusted to 
pH 8 to 4 by the addition of 50 uL of 1N hy- 
drochloric acid. Valproic acid was extracted 
from serum with two 1.0-mL portions of re- 
distilled spectroscopy-grade ethyl acetate 
(Mallinckrodt, St Louis, Mo). After vortex- 
ing for 30 seconds and centrifuging at 2000g 
for 5 minutes, the organic layers were 
transferred to 13 X 100-mm test tubes con- 
taining anhydrous sodium sulfate to re- 
move residual water. The pooled extracts 
were transferred into 5-mL graduated re- 
action vials (Alltech, Deerfield, Ill) and 
concentrated to approximately 100 uL un- 
der a stream of nitrogen. Evaporation and 
reconstitution were not considered, due to 
possible unequal losses of the volatile val- 
proic acid and internal standard. 

A 1- to 2-uL aliquot was injected onto a 
0.32-mm (inside diameter) X 30-m polyeth- 
ylene glycol ester capillary column (Su- 
perox FA), 0.3-um film thickness (Alltech) 
in the split mode with a split ratio of 25:1. 
The column temperature was 175°C, and 
the injector and detector temperatures 
were 225°C. The carrier gas was high- 
purity helium at a flow rate of 2.3 mL/min. 

Valproic acid and the internal standard 
were detected by a flame ionization detector 
on a gas chromatograph (Shimadzu GC-9A, 
Columbia, Md), and the peak areas were 
determined with an integrator (Shimadzu 
CR3A). Valproic acid concentrations were 
determined by comparing the peak area ra- 

jtios of valproic acid/internal standard vs a 
X duplicate standard curve prepared by spik- 
ing blank plasma with 0, 1, 5, 24, 50, and 100 
ug/mL of valproic acid in 25 to 100 „uL of 
methyl alcohol and processing as described 
above. Duplicate standard curves were pro- 
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Fig 1.—Valproic acid (2.4 minutes) and the internal standard, 1-methyl- 1-cyclohexane carboxylic 
acid (3.6 minutes) were separated on a 0.32-mm X 30-m fused silica capillary column (Superox- 
FA) at an isothermal temperature of 190°C. Left tracing group is blank plasma plus internal stan- 
dard. Middle tracing group is a standard sample containing 50 „g/mL of valproic acid. Right trac- 
ing group is a patient sample containing 62 ug/ mL of valproic acid. The small peak at 3.2 minutes 
corresponds to t-2-ene-valproic acid. 


Fig 2.—Valproic acid serum concentrations after rectal and oral administration in six male volun- 
teers. Values reported are means + SEs. Open circles represent oral administration, and closed 
circles, rectal administration. 


Valproic Acid Serum Concentrtion, mg/L 


Time, h 


Valproic Acid Absorption 
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Route of 
Administration Mean + SD P 
1.0 + 0.6 
3.1 + 0.9 
43.4 + 6.2 
29.2 + 6.8 
12.4 = 1.5 


12.6 + 2.5 


Oral 
Rectal 
Oral 
Rectal 


48.5 
23.1 
12.4 
LEATA 


51.4 
22.1 


36.4 
23.7 


34.8 
18.3 


47.1 
36.0 
12.4 
12.2 


Maximum serum concentration, mg/L 


Half-life, h 


AUC,t (mg/h per liter) 


Relative bioavailability 
Clearance L/h per kilogram 
Volume of distribution L/kg 
* Subject received only one 250-mg suppository. 





tAUC indicates area under the serum concentration-time curve. 


120 


100 


60 


% Absorbed 


40 


20 





Time,h 


Fig 3.—Valproate sodium percentage absorbed-time plot based on rectal and oral administration 
in six male volunteers. Values reported are means + SEs. A plot of percentage unabsorbed vs 
time on semilogarithmic coordinates would reveal apparent first-order absorption. Open circles 
represent oral administration, and closed circles, rectal administration. 


cessed each day that patient samples were 
analyzed. 

The gas chromatographic assay had a 
lower limit of sensitivity of 0.1 ug of valp- 
roic acid per milliliter of serum. Between- 
day coefficients of variations were less than 
5% at all concentrations studied. Represen- 
tative chromatograms are shown in Fig 1. 
In some patients, a small peak correspond- 
ing to t-2-ene-valproic acid was also ob- 
served at later times. All standard curves 
had a linear correlation coefficient of 
r> .99. All samples from a given patient 
were assayed on a single day. 


Pharmacokinetic Analysis 


The serum concentration-time data were 
fitted into a one-compartment, first-order 
elimination model. Valproic acid serum 
concentrations on the elimination phase of 
the concentration-time curve were fitted to 
a single exponential equation using least- 
squares, log-linear regression analysis. The 
apparent elimination rate constant (ke) 
was derived from this equation. Half-life 
was determined by t' = 0.693/ke. The 
maximum serum concentration and time to 
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achieve maximum serum concentration 
were determined by observation. Area un- 
der the serum concentration-time curve 
(AUC) was calculated by the following 
equation: AUC = 0 to 48-hour AUC + (48- 
hour concentration/ke), in which the 0 to 
48-hour AUC was calculated by the trape- 
zoidal rule. Apparent valproic acid rectal 
suppository clearance was calculated by di- 
viding the dose administered by the overall 
AUC. Volume of distribution was calcu- 
lated by dividing clearance by ke. Relative 
bioavailability (F rel) was determined as 
follows: F rel = (rectal AUC/oral AUC) 
(oral dose/rectal dose). 

The fraction absorbed was determined 
via the Wagner-Nelson method.” A t test 
for paired samples was used to detect the 
pharmacokinetic differences between oral 
valproic acid and rectal administration of 
valproate. A P < .05 was considered signif- 
icant. 


RESULTS 


Six subjects received valproic acid 
by two routes of administration. Mean 


0.14 0.16 





valproic acid serum concentrations af- 
ter oral syrup and rectal suppository 
administration are shown in Fig 2. As 
indicated by the individual pharma- 
cokinetic values (Table 2), the absorp- 
tion of valproic acid following rectal 
suppository was approximately 80% 
that of oral syrup. The mean percent- 
age absorbed-time plot is shown in 
Figure 3. Data suggest that rectal sup- 
pository absorption is relatively rapid; 
at 2 hours, more than 90% of the 
absorption had taken place. The dif- 
ferences in time to achieve maximum 
serum concentration, maximum serum 
concentration, bioavailability, and 
AUC, were significant, whereas the 
half-life clearance, and volume of dis- 
tribution were comparable. The mean 
percentage of the total residual area 
was 8% for both oral and rectal ad- 
ministration. 

The rectal suppository produced no 
subjective or objective symptoms 
other than a mild urge to defecate in 
two subjects. Subject 3 was given only 
one 250-mg suppository. Subject 5 re- 

orted that one of the suppositories 
fis during insertion, and the com- 
plete dose may not have been given. 


COMMENT 


Rectal administration valproate has 
been used in acute**®!? and mainte- 
nance situations. It seems to be 
most useful for maintaining adequate 
serum concentrations of valproic acid 
in patients unable to take their medi- 
cations by mouth. This may occur for 
many reasons, such as abdominal sur- 
gery, gastrointestinal disorders, and 
prolonged nasogastric suctioning. The 
loss of the oral route of administration 
poses a significant clinical problem for 


antiepileptic drugs without parenteral ; 


formulations, such as valproic acid. 
When oral administration must be in- 
terrupted, patients risk abrupt discon- 
tinuation of their valproic acid with 
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resultant precipitous drops in serum 
concentrations. In patients who cannot 
tolerate decreases in their valproic 
acid serum concentrations, hospital- 
ization to receive an alternative paren- 
teral antiepileptic drug may be re- 
quired. Rectal administration may 
prevent this hospital admission by al- 
lowing the patient to continue treat- 
ment at home. In addition, rectal val- 
proate may be useful in preventing a 
flurry of generalized seizures in pa- 
tients who are prone to having their 
seizures occur in clusters.” 

Rectal drug absorption has been re- 
ported to be inconsistent and may be 
substantially different from absorp- 
tion following oral administration." 
Major factors that could affect the ab- 
sorption of drugs from rectal supposi- 
tories include anorectal physiology, 
placement of the suppository in the 
rectum, the suppository base, absorp- 
tion site pH, drug pharmacokinetic 
action, degree of ionization, and lipid 
solubility. Interpatient differences in 
these factors lead to variability in 
amounts of drug absorbed. Absorption 
of rectally administered valproate is 
highly dependent on the formulation 
of the vehicle used. 

Vajda et al?’ administered 200- to 
800-mg lipid-based valproate sodium 
suppositories repeatedly to six adult 
patients in status epilepticus. Bio- 
availability was not determined; how- 
ever, serum concentrations of 25 to 150 
ug/mL were achieved within 36 hours. 

Issakainen and Bourgeois"? reported 
a wide range in relative bioavailability 
of valproate sodium fatty supposito- 
ries (74% to 138%) during repeated 
administration. Though mean serum 
concentration-time curves appeared 
similar, the design of the study did not 
permit calculations of AUC, maximum 
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serum concentration, and time to 
achieve maximum serum concentra- 
tion. In human volunteers, Moolenaar 
et al’ compared the absorption of val- 
proate and valproic acid suppositories 
to an aqueous solution given orally and 
rectally. The suppositories were pre- 
pared using cocoa butter or Witepsol 
H15 fatty bases. Oral and rectal ad- 
ministration of the solution led to 
comparable absorption with maxi- 
mum serum concentrations attained at 
1.5 to 2 hours. However, the average 
relative bioavailability for supposito- 
ries was 82% (range, 75% to 89% ) with 
peak serum concentrations occurring 
at 2.4 hours after the dose. The free 
acid was absorbed more rapidly from 
fatty suppositories than was the so- 
dium salt. There were no differences in 
absorption rate and relative bioavail- 
ability when two different fatty sup- 
positories were compared. 

In this study the relative bioavail- 
ability of our valproate rectal suppos- 
itory ranged from 69% to 88% (mean, 
80% ) with a prolonged time to peak 
and lower maximum serum concentra- 
tion. Our formulation has the advan- 
tages of being easily prepared and well 
tolerated. 

In addition to this study in volun- 
teers, we have administered this prep- 
aration clinically to four patients. For 
13 months one patient has been receiv- 
ing 1750 mg of valproate sodium in 
four divided suppository dosages daily. 
Before suppository administration, 
she had been unable to tolerate val- 
proic acid doses that produced serum 
concentrations greater than 40 ng/mL 
without significant nausea or emesis. 
With the rectal formulation, valproic 
acid serum concentrations of 75 ug/mL 
have been obtained without nausea. 
The three other patients began to re- 
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ceive valproate rectal suppositories af- 
ter surgery. One woman had a cesar- 
ean section, another patient had pro- 
longed ileus, and the third was a 
patient comatose after neurosurgery 
who had poor gastrointestinal absorp- 
tion. The suppository was well toler- 
ated, with the exception of some diar- 
rhea in one patient after total daily 
doses of 4000 to 5000 mg. 


CONCLUSION 


The extent of absorption of val- 
proate administered in rectal suppos- 
itory form is less than the reference, 
valproic acid administered as an oral 
syrup. The rectal suppository formu- 
lation demonstrated similar onset of 
absorption and a slower rate of ab- 
sorption than the oral syrup; thus, 
peak plasma concentrations for the 
rectal suppository are lower, and the 
time to peak prolonged in comparison 
to the syrup. Therefore, rectal valproic 
acid suppositories may be too slowly 
absorbed to be useful in life-threat- 
ening status epilepticus. However, the 
absorption may be adequate for main- 
taining current dosing if oral therapy 
must be interrupted for one or two 
doses; no dosage adjustment is neces- 
sary. When valproic acid rectal sup- 
positories are administered for pro- 
longed periods, serum concentrations 
should be monitored, due to potential 
variability in absorption between sub- 
jects. Dosage increases may be neces- 
sary in these patients. 
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DALLAS/FORT WORTH 


Home Office: 2929 Race Street 


MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) 
SEPTEMBER 18-19-20 
OCTOBER 2-3-4 © 23-24-25 
NOVEMBER 13-14-15 © 27-28-29 


biometals. 


NEUROSURGEONS—dissection skills for bonework of the 
Cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL—dissection skills to become famil- 
iar with the applications of power instru- 
mentation; discussion of 
and participation in pro- 
blem solving, care, and 
proper maintenance of 
power equipment. 


AREA ATTRACTIONS; 

Fort Worth Zoological 
Park, Stockyards, 
Kimbell Art Museum, 
Amon Carter Museum 
Fort Worth Museum of 
Science and History, Lo 
Cabin Village, Fort Wort 
Japanese Gardens, Van 


*Join the more than 7,300 sc lama 
enrollees who have completed Midas Rex Hands-On 


montrea 


Also Plastic, ENT, 
Craniofacial, Maxillofacial, etc. 


DECEMBER 11-12-13 
JANUARY 11-12-13, 1990 
FEBRUARY 12-13-14, 1990 


WORKSHOPS: The workshops are held each day from 7:00 a.m. 
to 1:00 p.m. They will emphasize a series of structured exercises, 
utilizing appropriate animal bones, skeletal bones, bioplastics and 


OR PERSONNEL SYMPOSIA (ORP 700) 
Symposia for OR Personnel only: 
OCTOBER 16-17-18, 1989 
MARCH 26-27-28, 1990 


Zandt Cottage, Trinity Park, Botanic Gardens and the Fort Worth 
Water Garden, Six Flags Over Texas. In Dallas enjoy the Old City 
Park, John F. Kennedy Memorial Plaza, professional sports with the 


Dallas Cowboys and the Texas Rangers. 


SHOPPING—Visit the restored Sundance Square downtown, the 
stockyards which specialize in Western wear and local malls. 


DINING—There are many fine restaurants to choose from in 
the Fort Worth area. Several restaurants are located 
near the stockyards. 


ENROLLMENT: Fee 
; ); Surgeon 00; 
| Resvient $585.00 (with 
letter from Department 

mm Head); All Operatin 
Mics g Room Personnel (RN/ 
SB fas higar $250.00. 
ee, Make check to “Dallas/ 
mee, Fort Worth Symposium.” 

» Mail to: Midas Rex In- 
“eee stitute, 2929 Race St., 
Fort Worth, Texas 76111. 


Phone: 800-433-7639 or 
817-831-2604. 
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October 9-10-11, 1989 


QUEBEC, CANADA 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 
SYMPOSIA/HANDS-ON WORKSHOPS for Neurosurgeons and Operating Room Personnel 


(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the neurosurgical conference) 


(NEURO 700 and ORP 700) (Separate Hands-On Sessions) 


presented by 


MIDAS REX™ Institute 


SYMPOSIUM FORMAT 


COURSE DIRECTORS: 
Susan Mitchell, Ed.D.; Glen Mitchell, Ph.D. 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An Intensive 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: 


CREDITS: CME Credit Available. 


COURSE LOCATION AND ACCOMMODATIONS: 
Le Grand Hotel, 777, rue University, Montreal, Quebec, 
Canada H3C 327. Phone: 514-879-1370. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to ‘‘Montreal 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,300 enrollees who have completed 
Midas Rex Hands-On Workshops. (3,700 Orthopaedic Sur- 
geons; 1,500 Neurosurgeons; 2,100 OR Personnel) 


Neurosurgeons—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR Personne/—dissection skills to become familiar with 
the applications of power instrumentation; discussion of 
and participation in problem solving, care, and proper 

maintenance of power equipment. 
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Procedural Memory During Posttraumatic Amnesia in 


Survivors of Severe Closed Head Injury 


Implications for Rehabilitation 


Jeff Ewert, PhD; Harvey S. Levin, PhD; Mary G. Watson, MBA, MA; Zvi Kalisky, MD 


@ To investigate the possibility that 
learning of skills (ie, procedural memory) 
is preserved during posttraumatic amne- 
sia, 16 amnesic survivors of severe closed 
head injury and 16 control subjects were 
studied. Procedural learning tasks in- 
cluded mirror reading, mazes, and a pur- 
suit rotor task that involved tracking a ro- 
tating target. Declarative memory was as- 
sessed by testing recognition of the words 
used in mirror reading and a questionnaire 
concerning details of the previous testing 
session. Learning was evaluated on 3 con- 
secutive days and a fourth session was 
scheduled after resolution of posttrau- 
matic amnesia. Despite stable impairment 
of declarative memory during posttrau- 
matic amnesia, the performance of head- 
injured patients improved across sessions 
on all procedural tasks and showed trans- 
fer to testing after resolution of posttrau- 
matic amnesia. 

(Arch Neurol. 1989;46:911-916) 


Posttraumatic amnesia (PTA), the 

initial stage of recovery from closed 
head injury (CHI) after emergence 
from coma,'? is characterized by an- 
terograde and retrograde amnesia,’? 
disorientation, and rapid forgetting.’ 
Attentional deficit, alterations in 
arousal, confusion, and behavioral dis- 
turbance are also frequently part of 
the clinical picture, but the individual 
differences in manifestations of PTA 
are remarkable.’ With the exception of 
“islands” of fragmentary memories 
that may persist after resolution of 
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PTA in about a third of patients sus- 
taining relatively mild head injuries,‘ 
survivors of severe CHI are virtually 
unable to recall any events during this 
period. Despite impaired recall during 
PTA and the impression of deficient 
memory consolidation, there is a trend 
toward early transfer of patients from 
acute neurotrauma units to rehabili- 
tation programs that stress interven- 
tions to restore cognitive function.‘ 
Although the plausibility of institut- 
ing rehabilitation of cognitive function 
during PTA is debatable, previous 
studies have shown that patients with 
anterograde amnesia resulting from 
other causes (eg, alcoholic Korsakoff’s 
syndrome) can acquire motor’ and 
pattern-analyzing'” skills. 

The primary purposes of this inves- 
tigation were to (1) explore the capa- 
bility of patients with severe CHI to 
learn and retain motor and pattern- 
analyzing skills during PTA and (2) 
evaluate transfer of this learning to a 
later period following resolution of 
anterograde amnesia. We postulated 
that procedural or rule-based learning 
and memory'' would be relatively 
preserved during PTA and dissociated 
from impaired declarative or data- 
based memory as reflected by impaired 
recall and recognition. 


PATIENTS AND METHODS 


Sixteen patients with CHI who had been 
transferred to an inpatient rehabilitation 
program at the Medical Center Del Oro 
Hospital, Houston, Tex, from short-term 
neurosurgical units were studied. As sum- 
marized in Table 1, all of the patients sus- 
tained a severe CHI (as defined by a post- 
resuscitation Glasgow Coma Scale" score of 
<8 that indicates no eye opening, inability 
to obey commands, and no comprehensible 
speech). Selection criteria also included age 
between 15 and 50 years at the time of in- 
jury, no history of neuropsychiatric disor- 
der (including hospitalization for head in- 
jury), substance abuse, or documented men- 
tal subnormality. Finally, the study was 


confined to patients in whom PTA persisted 
over at least the 3 days of testing. Variation 
in the injury-study interval (Table 1) re- 
flected the duration of impaired conscious- 
ness (ie, the time until the patient obeyed 
commands). Sixteen neurologically intact 
control subjects were selected to individu- 
ally approximate one of the patients with 
CHI as to age (mean + SD, 24.5 + 7.7 
years) and education (mean + SD, 
12.9 + 3.2 years). There were no group dif- 
ferences on these variables (t test). 

To ensure that patients were capable of 
cooperating with the experimental proce- 
dures, they were screened for normal visual 
acuity, full visual fields, absence of visual 
neglect (ie, by line bisection), and relatively 
preserved language comprehension." More- 
over, agitation was mild or absent accord- 
ing to the Neurobehavioral Rating Scale.'* 


Disorientation and Amnesia 


Head-injured patients in PTA and con- 
trol subjects underwent three testing ses- 
sions on 3 consecutive days. The Galveston 
Orientation and Amnesia Test (GOAT),'’ a 
brief test of orientation and amnesia, was 
administered at the beginning of each ses- 
sion to document the presence of PTA as 
reflected by a score below 75 (see Table 1). 
Incorrect answers on the GOAT were im- 
mediately corrected (PTA was monitored 
daily between sessions 3 and 4). The pa- 
tients were tested on a fourth session that 
was scheduled after their PTA had resolved 
(Table 1) as reflected by a normal GOAT 
score (=75) on 2 consecutive days. The 
fourth session was scheduled for each con- 
trol subject following an interval! that cor- 


responded to the delay between the third 


and fourth sessions of their matching pa- 
tient. 


Mirror Reading Test 


To test mirror reading, 129 high- 
frequency,'* three-letter words were ran- 
domly assigned to triads that were pre- 
pared on diazo slides. Of the 43 slides of 
word triads, 4 were shown for practice at 
the beginning of each session. The remain- 
ing 39 triads were randomly divided into 
groups for the four sessions. There were 
three trials in each learning session with 6 
triads per trial (3 unique, 3 repeated in 
random sequence) in sessions 2, 3, and 4. 
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Session 1 included two trials with 4 unique 
and 2 repeated triads per trial, but only the 
first 3 unique triads were analyzed. A block 
randomization schedule was used to rotate 
sets of words across learning sessions for 
different subjects. 

The slides were placed in a carousel slide 
projector (Kodak) in a mirror-reversed (eg, 
gas sad sea) fashion and shown on a rear- 
viewing projection screen. Examples of 
three-letter word triads were first written 
in both normal and mirror-reversed orien- 
tation and the patient was asked to read the 
words out loud from right to left as quickly 
as possible. Correction was provided for er- 
rors. Each participant was then assisted in 
reading the first 4 slides presented for 
practice. However, the examiner offered 
encouragement but no corrections during 
the test. Timing with a digital stopwatch 
was started on projection of the slide and 
terminated either after the third word in 
the triad was read or 120 seconds had 
elapsed. Patients who were unable to read 
at least 50% of the words on the first trial 
at a reading latency of less than 120 seconds 
were discontinued from the backward read- 
ing task for that session. A 1-minute rest 
period separated successive trials. 


Porteus Maze Test 


Following completion of the mirror read- 
ing test in each session, the patient was 
given the 11 Vineland Revision Mazes.” The 
patients were instructed to start at the S 
and to find their way out of the maze with- 
out lifting the pencil from the paper. The 
examiner cautioned each patient against 
crossing lines on the maze or entering blind 
alleys. The time required to complete the 
maze was recorded with a maximum time of 
120 seconds. Performance measures in- 
cluded the number of times a boundary line 
was crossed, the number of blind alleys en- 
tered, and the time to completion. 


Pursuit Rotor Test 


The Pursuit Rotor (Lafayette Model 
3010) Test*'? was administered immedi- 
ately after the Porteus Maze Test. The ex- 
aminer explained that the goal was to 
maintain the stylus on the target as it 
rotated and demonstrated how to perform 
the task. A practice trial was given using a 
30-rpm speed of rotation. Ten 20-second 
trials were performed at the 30- and 45-rpm 
rates in each session. The dominant hand 
was tested in 14 patients, whereas the non- 
dominant hand was tested in 2 hemiparetic 
patients. Correspondingly, 14 controls were 
tested on their dominant hand and 2 were 
tested on their nonpreferred hand. At the 
end of each trial, the examiner informed the 
patient of the percent of time that the sty- 
lus had been on target as computed by an 
electronic clock connected to the pursuit 
rotor apparatus. If performance fell below 
a criterion of 5% on target during the first 
5 trials at each speed, the task was discon- 
tinued for the patient (or control). 


Recognition Memory Test 


A recognition memory task was con- 
structed using the 9 repeated words, 27 
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Table 1.—Demographic 


Duration of 
Lowest Impaired 
Patient No. / Education, Mechanism GCS Consciousness, 
Age at Injury, y y of Injury Score d 
1/25 12.0 MVA 3 23.0 
2/27 11.6 MVA 4 14.0 
3/15 8.0 MVA 7 2.0 
4/26 9.0 MVA 4 36.0 
5/20 12.0 MVA 5 17.0 
6/21 12.0 MVA 8 48.0 
7/17 10.0 MVA 4 102.0 
8/22 13.0 MVA 4 2.0 
9/21 14.2 Fall from horse 6 5.0 
10/31 16.0 Motorcycle accident 3 63.0 
11/23 12.5 MVA 5 5.0 
12/18 10.3 MVA 4 13.0 
13/33 12.0 MVA 8 24.0 
14/16 11.4 MVA 4 16.0 
15/20 12.0 Sports accident 6 14.0 
16/29 12.0 MVA 3 5.0 
Mean + SD 11.76 = 1:89 6.192 2.11 24.3 + 26.8 
22:75 = 6.35 


* CT indicates computed tomography; evac, evacuated; GCS, Glasgow Coma Scale; MVA, motor vehicle ac- 


cident; and PTA, posttraumatic amnesia. 


tComposite of CT scan results taken from the day of injury to a maximum of 217 days after injury. 


randomly selected unique words from the 
mirror reading test, and 36 distractor 
words that did not appear on any of the 
slides. Recognition memory, which was 
evaluated following administration of the 
mirror reading test during the third ses- 
sion, was tested by presenting each word 
printed in normal orientation. The patients 
were asked to read the word out loud and to 
write an N (no) or Y (yes) next to the word 
to indicate whether they had seen the word 
during any of the learning sessions. 


Declarative Memory Questionnaire 


To evaluate declarative memory unob- 
trusively for ongoing events we adminis- 
tered a questionnaire that tested recall of 
information presented during each testing 
session. This material included the exam- 
iner’s name, the time, date, and location of 


the previous session, a description of the 
different tasks, and the score on the last 
trial of the Pursuit Rotor task. Explicit 
scoring criteria were developed with a pos- 
sible range from 0 to 23 points. The ques- 
tionnaire was administered 5 to 6 hours 
following each testing session. 


RESULTS 
Disorientation and Amnesia 


Table 1 shows that all of the head- 
injured patients continued to exhibit 
disorientation and impaired memory 
for recent events during the first three 
testing sessions despite a nonsignifi-¢ 
cant trend (Table 2) toward improve- 
ment that was variable across the 16 
patients. Implicit in the definition of 
PTA used herein, Table 1 shows that 


Posttraumatic Amnesia—Ewert et al 


PAETE: e Oey Lae iL Se ey, TO a C aer ETAT, PFT 
tas WSS r b 





-and Clinical Characteristics of Head-injured Patients * 


Orientation /Amnesia Scores 
Across Sessions 
(=75 = Normal Range) 


Interval From = ——————————M~ Leng th of 
CT/Surgical Procedurest Injury to Study, d 1 2 3 4 PTA, d 
R frontal epidural hematoma (evac), elevation of de- 60 70 74 69 95 46 
pressed skull fracture, and placement of R frontal 
Richmond bolt; follow-up CT showed a small R fron- 
toparietal subdural hematoma with surrounding peri- 
focal edema; prominence of frontal cortical sulci and 
lateral ventricles suggestive of posttraumatic atrophy 
Small area of atrophy in L frontal pole 94 53 41 43 84 107 
Normal brain; placement of R frontal Richmond bolt 23 65 69 72 90 29 
R frontal intracerebral hematoma (evac); resolving in- 93 58 60 61 76 83 
farct in the R basal ganglia and temporoparietal 
area, mild dilation of the R temporal horn and com- 
pression of the R frontal horn 
L frontal contusion and small bifrontal hygromas; place- 38 69 59 64 84 39 
ment of R frontal Richmond bolt 
L cerebral peduncle contusion, subarachnoid blood 97 65 64 74 84 60 
around basal cisterns, infarction in L parietal, uncal, 
and external capsule regions, enlarged ventricular 
system with prominent sulci; tracheostomy 
L thalamic infarct, subdural collection in R frontal re- 175 52 48 59 79 115 
gion, slight overall enlargement of ventricular system; 
tracheostomy 
Small intracerebral hematomas / contusions in the L 24 72 73 73 95 29 
frontoparietal and R parieta! regions 
L frontoparietal subdural hematoma (evac); placement 27 70 74 73 95 31 


of L frontal Richmond bolt, tracheostomy, and place- 
ment of R frontal Richmond bolt because of persis- 
tent elevation of intracranial pressure 


L frontotemporal hemorrhagic contusions, multiple 85 58 61 60 84 46 
small punctate lesions in R basal ganglia and L oc- 
cipital lobe; placement of R frontal Richmond bolt 
R frontotemporal epidural hematoma (evac) 13 65 69 56 90 27 
A Large area of infarction involving R temporal lobe, 21 68 73 74 94 23 
basal ganglia, and extending superiorly into poster- 
ofrontal region, moderate dilation of lateral ventri- 
cles; placement of R frontal Richmond bolt 


Small L frontal intracerebral hematoma, bilateral frontal 127 53 35 66 79 114 
hygromas, infarction in base of both frontal lobes i 

R frontal contusion; placement of R frontal Richmond 20 60 44 62 85 23 
bolt 

L frontotemporal subdural hematoma (evac) 30 60 70 73 95 42 

L frontotemporoparietal subdural hematoma (evac); 26 63 49 66 80 33 | 
slight dilation of R lateral ventricle å 

59.6 + 47.31 62.6 + 6:52` 60.20 + 12.95 65.32 + 8.45. 86.82 +664 52.9 + 33.0 





the orientation and amnesia scores re- 

p -covered to within the normal range (ie, 
>75) by session 4. Hence, the duration 
of PTA (Table 1) is given by the inter- 
val from the end of coma until the pa- 
tient’s orientation and memory for re- 
cent events were consistently normal 
as reflected by the highly significant 
improvement in GOAT score in session 
4 vs session 3 (Table 3). 


Table 2.—Linear Trends Across Sessions for Procedural and Declarative Tests 
in Head-Injured Patients Studied During PTA* 


Tasks Linear Trend 


Procedural 
Mirror reading (time) 
Unique triads 
Unique triads perfectly read 
Porteus mazes 
Time to completion 
Crossed lines 




















F (1,13) = 8.29t 
F (1,8) = 2:67 


F (1,15) = 22.08} 
F (1,15) = 4.05 


Blind alleys F (1,15) = 7.26§ 
Procedural Memory Pursuit Rotor, rpm 
30 F (1,14) = 18.844 
Mirror Reading.—Two of the head- 45 F (1,14) = 20.084 
injured patients were deleted from the GOAT and declarative 
GOAT F (1,15) = 2.69 


analysis of this task because they were 
unable to attain the criterion of cor- 
rectly reading at least half of the word 
ytriads within 2 minutes on the first 


Mirror reading (time) 
Repeated triads F (1,13) = 21.044 
Repeated triads perfectly read F (1,9) = 20.93¢ 


Declarative memory questionnaire F (1,14) = 2.31 





trial. Overall, the head-injured pa- 
tients read about two thirds of the 
word triads accurately during PTA 
(mean, 64.5% for unique words, 69.3% 
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* GOAT indicates Galveston Orientation and Amnesia Test; PTA, posttraumatic amnesia; in no case was a 
quadratic trend significant. 

tP = .01. 

+P < .001. 

§P < .05. 
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Table 3.—Planned Comparisons of Performance by Head-Injured Patients in 
Final Session During PTA (Session 3) vs After Resolution of 
PTA (Session 4) for Procedural and Declarative Tests * 


Tasks Linear Trend 


Procedural 
Mirror reading (time) 
Unique triads 
Unique triads perfectly read 
Porteus mazes 
Time to completion 
Crossed lines 







F (1,13) = 1.30 
F (1,14) = 0.93 







F (1,15) = 7.82t¢ 
F (1,15) = 17.194 










Blind alleys F (1,15) = 2.15 
Pursuit rotor, rpm 
30 F (1,14) = 14.95§ 
45 F (1,14) = 21.03¢ 
GOAT and declarative 
GOAT F (1,15) = 110.41¢ 






Mirror reading (time) 

Repeated triads 

Repeated triads perfectly read 
Declarative memory questionnaire 






F (1,13) = 7.56t 
F (1,13) = 4.34 
F (1,15) = 18.00¢ 


*PTA indicates posttraumatic amnesia; GOAT, Galveston Orientation and Amnesia Test. 
tP < .05. 










P< .001. 
§P< .01. 
Controls Patients 
i (n = 16) (n = 14) 
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Fig 1.—Latencies for mirror reading across trials plotted against sessions for closed head injury 
and control groups. Latencies for reading word triads presented only once (unique) and for triads 
presented in each trial (repeated) are plotted separately. Note that only two trials of repeated triads 
were given in session 1, whereas three trials were given under each condition in sessions 2 through 
4, 
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for repeated words). In contrast, all of 
the control subjects performed at or 
above the criterion level (mean, 91.9% 
correct for unique triads, 94.5% cor- 
rect for repeated words). Analysis of 
the percentage of words read correctly 
by the head-injured patients disclosed 
no evidence of a linear trend across 
sessions for unique triads (F[1,13] 
= 2.81). In contrast, improved accu- 
racy of reading repeated words across 
sessions was supported by a signifi- 
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cant linear trend (F{1,13] = 8.27, 
P <.05). In view of the compromised 
accuracy of mirror reading in the pa- 
tients (as compared with controls), the 
response latencies were analyzed ini- 
tially for all triads and separately for 
only those triads read perfectly. The 
latter analysis was confined to those 
patients who read the triads perfectly 
across sessions (10 cases for repeated 
and 9 cases for unique word triads). 
Figure 1 shows that the mirror read- 


ing latencies of head-injured patients 
declined across the three sessions dur- 
ing PTA for both unique and repeated 
word triads. Analysis of variance of 
their reading times for both unique 
and repeated words showed a signifi- 
cant linear trend of improvement 
across sessions (see Table 2). This re- 
duction in reading times across ses- 
sions was also demonstrated when the 
analysis was restricted to repeated 
words read perfectly (see Table 2), 
whereas the effect was not as robust 
for perfectly read unique triads. The 
decline in reading latencies for unique 
words across sessions did not differ for 
the two groups, whereas the reduction 
in reading latency for repeated words 
was greater in the patients with CHI 
as reflected by a groups X sessions in- 
teraction (F[1,28] = 8.73, P< .006). 
The reduced reading latencies of pa- 
tients across trials had a significant 
linear trend (F[1,13] = 5.34, P = .038) 
for repeated words (Fig 1) but not for 
unique word triads (F[1,13] = .02), nor 
was there an interaction of trials with 
sessions. There was no effect of trials 
when the analysis was confined to 
triads that the patients read perfectly. 

Figure 1 indicates that mirror read- 
ing performance continued to improve 
in session 4 (which was completed af- 
ter PTA had resolved) as compared 
with the third session (during PTA). 
In fact, reading times significantly de- 
clined for repeated triads in session 4 
as compared with the third testing 
session (Table 3). 

Porteus Maze Performance.—Six of 
the head-injured patients (and no con- 
trol subjects) exceeded the time limit 
on at least one of the more difficult 
mazes in one or more sessions. Consis- 
tent with the improvement in maze 
performance by head-injured patients 
during PTA (Table 4), there was a sig- 
nificant linear trend in their scores 
across the first three sessions for the 
time and blind alley measures (Table 
2). Further improvements in maze per- 
formance were documented on the 
fourth test (following resolution of 
PTA) for both the time and crossed 
lines measures (see Tables 3 and 4). As 
seen in Table 4, a ceiling effect in the 
performance by controls precludes a 
meaningful comparison of maze learn- 
ing rate in the two groups. 

Pursuit Rotor Performance.—The 
Pursuit Rotor task was failed by a sin- 
gle head-injured patient. Although all 
controls performed above criterion, 
the data for three subjects were inval- i 
idated by mechanical malfunction. 
Head-injured patients increased their 
percentage of time on target during 
PTA (Table 5), an impression con- 
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Mean (+ SD) 
Time to Completion, s 


Pa A, 
Control 


42.31 + 21.00 13.95 + 5.15 3.57 + 3.40 
36.30 + 18.48 12.29 + 4.35 2.76 + 2.55 
30.14 + 15.90 10.70 + 3.10 2.65 + 2.65 
9.89 + 3.05 1.47 + 1.81 


24.42 + 10.86 


PLES Tn a 


Mean (+SD) 
No. of Crossed Lines 
P 





Mean (+ SD) 
No. of Blind 
Alleys Entered 
p r, 
Control CHI Control 


1.28 + 0.93 
1.02 + 0.60 
0.87 + 0.54 
0.79 + 0.55 


*Sessions 1 through 3 completed during posttraumatic amnesia (PTA); session 4, after PTA. 


Table 5.—Pursuit Rotor Performance Across Sessions in Patients With 
Closed Head Injuries (CHI) and Control Subjects * 


Mean (+SD) 
Percentage of Time 
on Target (30 rpm) 


a nI 


CHI Control 


(n = 15) (n = 13) 


Mean (+SD) 
Percentage of Time 
on Target (45 rpm) 
PS 
CHI Control 
n = 15) (n = 13) 


35.25 + 24.37 81.71 + 6.51 15.80 + 15.43 63.41 + 12.67 


1 

2 43.89 + 22.45 
3 47.22 + 21.05 
4 61.78 + 18.82 


86.95 + 5.95 
86.05 + 6.24 
82.20 + 7.55 





22.73 + 19.83 
25.17 + 21.09 
39.78 + 20.27 


78.08 + 9.15 
80.70 + 8.04 
78.24 + 10.27 


*Sessions 1 through 3 completed during posttraumatic amnesia (PTA); session 4, after PTA. 


firmed by a significant linear trend 
across sessions at both turntable 
speeds (Table 2). Gains in Pursuit Ro- 
tor task performance across trials 
were reflected in a marginal linear 
trend at the slow speed (30 rpm) 
(F[1,14] = 4.06, P = .064), which was 
more impressive at 45 rpm 
(F[1,14] = 13.39, P= .003). Changes 
across sessions in time on target were 
relatively slight for the controls and 
consistent with a ceiling effect. In con- 
trast, Table 5 shows that Pursuit Rotor 
task performance by head-injured pa- 
tients improved further when they 
were tested following resolution of 
PTA, an effect that was significant 


- under both levels of task difficulty (Ta- 


ble 3). 
Declarative Memory 


Recognition Memory for Words Used 
in Mirror Reading.— Recognition mem- 
ory for the words presented in the 
mirror reading test in each session was 
analyzed using the signal detection 
measured d’” that reflects both cor- 
rect identification of test words (ie, 
“ves” response) and rejection of words 
used as foils (“no”) that were not pre- 
sented previously. Recognition mem- 
ory for words presented on the reading 

gest was grossly impaired in the head- 
injured patients (mean + SD, 0.69 + 
0.60) relative to the retention by con- 
trol subjects (mean + SD, 1.97 + 0.43; 
t = 6.63, P < .001). 
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Declarative Memory Questionnaire.— 
Recall scores on the declarative mem- 
ory questionnaire are depicted in Fig 2. 
It is seen that head-injured patients 
had difficulty recalling events of the 
previous testing session while they 
were in PTA (note lack of a linear 
trend in Table 2). However, the head- 
injured patients significantly im- 
proved their recall on the declarative 
memory questionnaire administered 
following resolution of PTA (session 4) 
as compared with their recall scores 
for session 3 completed during PTA 
(Table 3). 


COMMENT 


Our findings indicate that patients 
recovering from severe CHI are capa- 
ble of acquiring and retaining new 
skills while they remain disoriented 
and amnesic for ongoing events. 
Learning during PTA was demon- 
strated on tasks involving motor per- 
formance (eg, Pursuit Rotor) and a 
pattern-analyzing skill (mirror read- 
ing). In contrast, head-injured pa- 
tients studied during PTA were unable 
to later recognize the words that they 
had learned to read in mirror orienta- 
tion nor could they recall salient as- 
pects of the testing situation. 

This dissociation between impaired 
memory for word lists and recent 
events (ie, declarative or data-based 
memory) and acquisition of skills (ie, 
procedural or rule-based memory) is 
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Session 
Fig 2.—Mean score on Declarative Memory 
Questionnaire plotted across sessions for 
closed head injury (CHI) and control groups 
during and after posttraumatic amnesia (PTA). 


similar to findings reported in patients 
with memory disorder associated with 
alcoholic Korsakoff’s syndrome," 
herpes simplex encephalitis,’ dien- 
cephalic injury,'' dementia of the 
Alzheimer type,’ and the transient am- 
nesia produced by electroconvulsive 
therapy in depressed patients.” Paral- 
lels between PTA in head-injured pa- 
tients and other causes of anterograde 
amnesia extend to rapid forgetting,‘ 
retrograde amnesia reflected on tests 
of remote memory, and qualitative 
features (eg, intrusions, confabula- 
tion, disorientation) that are present 
to a varying degree.” Moreover, Levin 
and coworkers”! have recently shown 
that declarative memory is dispropor- 
tionately impaired relative to normal 
intellectual functioning in about one 
fourth of long-term survivors of severe 
head injury. 


Jennett” attributed PTA to tempo- | 


ral lobe insult, an inference supported 
by neuropathologic studies,” experi- 
mental models,“ and by neuro- 
imaging” that has shown that paren- 
chymal lesions most frequently occur 
in the frontotemporal region. If tem- 
poral lobe damage is responsible for 
the declarative memory deficits that 
frequently persist in survivors of se- 
vere CHI,??! what is the neural sub- 
strate for acquisition of motor and 
pattern-analyzing skills during PTA? 
Experiments in animals have impli- 
cated the role of the cerebellum in 
classic conditioning,” whereas other 
authors’'**° have postulated that the 
basal ganglia are involved in motor 
learning as reflected by the impaired 
performance of patients with Hunt- 
ington’s disease.” Although deep in- 
tracerebral hematomas involving the 
basal ganglia have been documented 
by computed tomography in about 
10% of fatal cases of CHI examined at 
autopsy,” to our knowledge, the rela- 
tionship between these lesions and 
procedural learning has not been 
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studied. While cerebellar damage is 
uncommon following CHI,” the role of 
this structure in procedural learning 
could be elucidated by studying pa- 
tients with tumors or vascular lesions 
in this region. 

Methodologic limitations in the de- 
sign of this study and constraints on 
generalization must be acknowledged. 
First, it is questionable whether our 
findings can be extrapolated to other 
measures of PTA, and it is clear that 
many patients with CHI are incapable 
of performing procedural tasks during 
the initial stage of PTA because of ag- 
itation and other sequelae (eg, visual 
disturbance). Strict comparison of 
skill acquisition in the head-injured 
patients vs neurologically intact sub- 
jects is complicated by ceiling effects 
in the control group, particularly on 
the Porteus Maze and Pursuit Rotor 
(at least under the 30-rpm condition) 
tasks. Second, the patients with CHI 
performed below the levels of the con- 
trol group on the procedural memory 
tasks and it was necessary to reduce 
the level of difficulty of mirror reading 
used in previous research!” for the 
head-injured group to attain the crite- 
rion score. 

Converging evidence from studies of 
amnesic patients with diverse causes 
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indicates that they are more likely to 
freely associate words to which they 
have been previously exposed (ie, 
primed) despite their inability to re- 
call this material.***> In the present 
study, Fig 1 indicates that latencies 
for mirror reading by head-injured 
patients during PTA were shorter for 
words that they had seen previously 
(ie, repeated triads) as compared with 
words presented only once (ie, unique 
triads). This facilitative or priming ef- 
fect on mirror reading was obtained 
despite the inability of patients to 
later recognize the repeated words 
when they were presented in normal 
orientation. Whether priming, pattern 
analysis, and motor learning represent 
different abilities or are manifesta- 
tions of a single underlying procedural 
memory awaits further research. Fu- 
ture studies could also address the re- 
lationship between individual differ- 
ences in performance on various pro- 
cedural memory tasks and progress in 
rehabilitation such as physical ther- 
apy. Finally, recent work by Nissen et 
al** raises the possibility that pharma- 
cologic adjuncts for rehabilitation 
might differ for declarative (eg, cholin- 
ergic) vs procedural memory. 

Our finding of relatively preserved 
procedural learning during PTA has 
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postulate that rehabilitation during 
PTA should stress direct acquisition of 
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NEW YORK CITY 


115 E. 61st Street (between Park and Lexington) 


MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


NEUROSURGICAL SYMPOSIA (NEURO 700) 


Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
SEPTEMBER 14-15-16 ° 28-29-30 
OCTOBER 12-13-14 
NOVEMBER 6-7-8 ° 20-21-22 
DECEMBER 4-5-6 « 18-19-20 
JANUARY 8-9-10 © 25-26-27, 1990 
FEBRUARY 8-9-10 © 15-16-17, 1990 


OR PERSONNEL SYMPOSIUM (ORP 700) 
Symposium for OR Personnel only: 
FEBRUARY 19-20-21, 1990 


WORKSHOPS: The workshops are held each day from 

7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 

tured exercises, utilizing appropriate animal bones, skeletal 
bones, bioplastics and biometals. 3 


NEUROSURGEONS—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL—dissection skills 
to become familiar with the applica- 
tions of power instrumentation; dis- 
cussion of and participation in prob- 
lem solving, care, and proper main- 

tenance of power equipment. 


Phoenix, Arizona 


AREA ATTRACTIONS: 


SIGHTSEEING—Bronx Zoo, Brooklyn Botanic Garden, Coney 
Island, Empire State Building, New York Aquarium, Staten 
Island Zoo, United Nations. 


ART—American Museum of Natural History, Bronx Museum 
of the Arts, Brooklyn Museum, Solomon R. Guggenheim 
Museum, Metropolitan Museum of Art, Museum of Modern 

Art. 


MUSIC, DANCE AND THEATER—Camegie Hall, Lincoln 
Center, Lehman Center for Performing Arts, Metropolitan 
Opera, and a wide variety of Broadway and off Broadway 

plays in the evenings. 


= = SPORTS—Baseball, football, basketball, hockey, boxing, etc. 


in season. 


= ENROLLMENT: Fee (USS): Surgeon $965.00; Resident 


ae = $585.00 (with letter from Department Head); All Operating 
Æ Room Personnel (RN/CST/PA/Other) $250.00. Make check to 
-= “New York City Symposium.” Mail to: Midas Rex Institute, 


2929 Race Street, Fort Worth, Texas 76111. 


_ *Join the more than 7,300 
Æ enrollees who have completed 
Midas Rex Hands-On Workshops. 
(3,700 Orthopaedic Surgeons; 
1,500 Neurosurgeons; 2,100 OR 
Personnel) 
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Phots Credit: New York Convention and Visitors Bureau 


November 6-7-8, 1989* 


*Immediately precedes the 2nd Annual Barrow 
Neurological Institute Spine Workshop. 
November 9-10-11, 1989. 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 
SYMPOSIA/HANDS-ON WORKSHOPS for Neurosurgeons and Operating Room Personnel 
(NEURO 700 and ORP 700) (Separate Hands-On Sessions) 


(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the neurosurgical conference) 


co-sponsored by the 


BARROW NEUROLOGICAL INSTITUTE/ 
ST. JOSEPH’S HOSPITAL AND MEDICAL CENTER 


and 


MIDAS REX™ Institute 


COURSE DIRECTORS: 


Robert F. Spetzler, M.D. 
Volker K. H. Sonntag, M.D. 
Susan Mitchell, Ed.D. 
Ray Umber, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An intensive 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: 


Neurosurgeons—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR Personnel— dissection skills to become familiar with 
the applications of power instrumentation; discussion of 
and participation in problem solving, care, and proper 

maintenance of power equipment. 


CREDITS: CME Credit Available. 


COURSE LOCATION AND ACCOMMODATIONS: Marriott's 
Mountain Shadows Resort, 5641 East Lincoln Drive, Scottsdale, 
AZ 85253. Phone: 602-948-7111. 


ENROLLMENT: Fee (USS): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to “Phoenix 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,300 enrollees who have completed 
Midas Rex Hands-On Workshops. (3,700 Orthopaedic 
Surgeons; 1,500 Neurosurgeons; 2,100 OR Personnel) 
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Cerebral Disconnection in Multiple Sclerosis 


Relationship to Atrophy of the Corpus Callosum 


Stephen M. Rao, PhD; Linda Bernardin; Gary J. Leo, DO; 
Lee Ellington, MS; Stephan B. Ryan, MS; Linda S. Burg, MS 


@ Left ear suppression to dichotically 
presented verbal stimuli has been ob- 
served in patients with multiple sclerosis 
(MS). Rubens and coworkers have sug- 
gested that a disconnection of the audi- 
tory callosal pathways may account for 
this finding. To examine this proposal, we 
compared the performance of 28 MS pa- 
tients with significant corpus callosum at- 
rophy (CCA) on midsagittal magnetic res- 
onance scans, 16 MS patients without sig- 
nificant CCA, and 64 demographically 
matched normal control subjects on two 
laterality tasks: verbal dichotic listening 
(consonant-vowel syllables) and tachistis- 
copic object-naming latency. Results indi- 
cated that left ear suppression was found 
only in the MS patients with CCA. Likewise, 
patients in the MS group with CCA were 
slow in responding to stimuli presented in 
the left visual field; this effect was not ob- 
served in patients without CCA. These 
findings support the hypothesis that effi- 
ciency of cross-callosal information flow is 
reduced in MS patients with CCA. 

(Arch Neurol. 1989;46:918-920) 


ecent studies'? have demonstrated 
left ear suppression on verbal di- 
chotic listening tasks in patients with 
multiple sclerosis (MS). Rubens et al? 
proposed that this effect results from a 
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disconnection of the auditory callosal 
pathway as a consequence of cerebral 
demyelination. To buttress their argu- 
ment, the investigators noted that 
three of four MS patients with left ear 
suppression had low-density areas on 
computed tomographic scan involving 
the posterior presplenial callosal path- 
ways; a fourth patient had diffuse cer- 
ebellar and brain-stem atrophy. 

Autopsy studies indicate that atro- 
phy of the corpus callosum is a com- 
mon finding in patients with MS. A 
recent magnetic resonance (MR) study 
by Simon et al‘ recorded the size of the 
corpus callosum from the midsagittal 
scans of 41 patients with MS and 34 
control subjects. The mean corpus cal- 
losum area was nearly 1 cm? smaller in 
the MS group (5.1 cm?) than in the 
control group (6.0 em’). 

In this study, we measured the effi- 
ciency of cross-callosal communica- 
tion in patients with MS and in normal 
control subjects using a verbal dichotic 
listening task. In addition, callosal 
transfer of visual information was as- 
sessed with a voice-activated object- 
naming latency task. The patients with 
MS were subdivided into two groups, 
namely, those with and those without 
significant corpus callosum atrophy 
(CCA). It was predicted that patients 
with CCA would have reduced efficien- 
cy in the cross-callosal transfer of audi- 
tory and visual linguistic information. 


SUBJECTS AND METHODS 


Patients with MS were recruited from a 
membership listing of a local MS society. 
Medical records were reviewed to deter- 
mine the basis for the diagnosis of MS. Pa- 
tients were excluded if they had a history of 
alcohol and drug abuse or nervous system 


disorder other than MS. Only those patients 
meeting the criteria of Poser et al‘ for def- 
inite or probable MS were invited to partic- 
ipate in the study. Once enrolled, a neuro- 
logical examination was conducted to verify 
the diagnostic classification of Poser et al’ 
and to rate the patient’s level of disability 
with the Kurtzke Expanded Disability Sta- 
tus Seale.® All patients were in clinical re- 
mission at the time of evaluation. 

Healthy individuals served as normal 
control subjects. Potential subjects with an 
alcohol, drug abuse, or psychiatric history, 
or a history of brain trauma or disease were 
excluded. 

Both patients with MS and control sub- 
jects underwent an audiometric examina- 
tion and brain-stem auditory evoked poten- 
tials (BAEPs); normal control subjects 
with abnormalities on these examinations 
were excluded. In addition, the patients 
with MS underwent MR imaging using a 
commercial 1.5-tesla superconductive mag- 
net (General Electric Signa, Milwaukee, 
Wis). Sagittal images with a repetition time 
of 600 milliseconds, an echo time of 20 mil- 
liseconds, and a 5-mm slice thickness were 
obtained. Measurement of the corpus callo- 
sum area was made from the midsagittal 
slice by one investigator who had no knowl- 
edge of the results of the laterality tasks. 
Outlines of the corpus callosum were traced 
on the MR scanner computer console; soft- 
ware routines were used to compute the 
area (in square centimeters) subtended by 
each tracing. 

For the Verbal Dichotic Listening Task 
(VDLT), stimuli consisted of 60 pairs of 
consonant-vowel syllables (pa, da, ka, ga, 
ba, and ta) recorded on a cassette tape re- 
corder and presented one to each ear at 60 
dBHL over headphones (TDH-50) through 
an audiometer (6SI-10) in a sound-attenu- 
ated room. A two-response, forced-choice 
paradigm was used; immediately after each 
presentation, subjects were asked to indi- 
cate what they heard by choosing two of a 
possible six syllables. Headphones were re- 
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versed after 30 trials. Ten practice trials 
preceded the task. Data analysis was based 
on the difference in percent correct between 
the two ears. 

For the Object Naming Latency Task 
(ONLT),’ subjects were tachistiscopically 
presented one of a possible six line draw- 
ings of common objects in the right or left 
visual field for 150 milliseconds. A digit was 
presented simultaneously in the middle of 
the visual field to maintain central fixation. 
The subject was instructed to name the ob- 
ject out loud as fast as possible and then 
report the fixation digit. A voice-activated 
switch enabled measurement of latency in 
milliseconds. Reaction times were recorded 
for a total of 60 trials, 30 in each visual field; 
the first 20 trials were considered practice 
and were not used in the data analysis. The 
difference in median reaction time between 
the two visual fields served as the depen- 
dent variable. 

All subjects gave informed consent ac- 
cording to institutional guidelines. 


RESULTS 


A total of 59 patients with MS were 
enrolled in the study. Fifteen subjects 
were eliminated from the final analy- 
sis; 4 patients did not complete MR 
scanning due to claustrophobia, 1 pa- 
tient did not meet the criteria of Poser 
et al’ after completion of the neurolog- 
ical examination, 1 patient had a 
brain-stem arteriovenous malforma- 
tion diagnosed by MR imaging, and 9 
patients did not have precise midline 
sagittal cuts. 

Patients with MS were subdivided 
into two groups, those with less than 5 
em? of corpus callosum area (N=28) 
and those with greater than 5 cm? of 
area (N=16). This criterion was chosen 
because it is approximately 1 SD below 
the mean of healthy individuals, as 
determined from a similar method 
used by Simon et al.* Demographic and 
illness characteristics for the two MS 
patient groups are presented in the 
- Table. 

Sixty-nine normal control subjects 
were enrolled in the study. Five sub- 
jects were eliminated because of either 
an abnormal audiogram or BAEP. De- 
mographic characteristics for this 
group are presented in the Table. The 
three groups did not differ signifi- 
cantly (P>.05) from each other in gen- 
der, age, education, estimated IQ, and 
handedness. The rate of abnormal au- 
diograms and BAEP was not different 
in the two MS groups. The MS group 
with CCA had a slightly longer disease 
duration than the group without sig- 
nificant CCA (P=.08), but the two 
¥ groups did not differ in overall disabil- 
ity (P > .50). Six patients in the MS 
group with CCA and 2 normal control 
subjects did not complete the ONLT 
due to equipment malfunction. 
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Abnormal audiograms,§ No. (%) 





Characteristics of Two MS Groups, Based on Size of 
the Corpus Callosum, and Normal Control Subjects * 


Multiple Sclerosis 


4 (14.3) 


Control 

Variable <5 cm? >5 cm? Subjects 
N 28 16 64 
Sex, M/F 3/25 6/10 16/48 
Age, y, mean (SD) 45.6 (7.7) 40.0 (7.9) 45.2 (9.9) 
lliness duration, y, mean (SD) 13.8 (8.0) 9.7 (5.9) 
Kurtzke EDSS, mean (SD) 3.6 (2.2) 3.3 (2.1) 
Abnormal BAEPs,+ No. (%) 10 (35.7) 8 (50.0) 


1 (6.3) 





* EDSS indicates Expanded Disability Status Scale; BAEPs, brain-stem auditory evoked potentials. 
+tEstimated from demographic variables using a regression formula." 


An abnormality in either or both ears. 


§No more than a 10-db ear difference at any of seven tested frequencies (250 to 8000 Hz). 


The Figure presents the results of 
the VDLT and ONLT for the normal 
control subjects and the two MS 
groups. Significant group differences 
were observed on the VDLT (F[2, 
105]=7.22; P=.001) and ONLT (F[2, 
97|=6.28; P=.003). Post hoc analysis 
(Tukey B) indicated significant differ- 
ences between the MS group with CCA 
and the normal control group on both 
the VDLT and the ONLT; the MS group 
without CCA did not perform differ- 
ently than the control subjects on 
these two tasks. These findings indi- 
cate that the MS group with CCA had 
significant left ear suppression on di- 
chotic presentation and slowed verbal 
responses to visual stimuli presented 
in the left visual field. 

The analyses were also computed 
excluding left-handed subjects. The 
overall group differences were un- 
changed for the VDLT (F[2, 96]=5.7; 
P=.005) and the ONLT (F[2, 88]=7.6; 
P=.001). As above, post hoe analysis 
indicated that the MS group with CCA 
significantly differed from the control 
subjects, while the patients with MS 
without CCA performed similarly as 
the subjects control. To determine if 
audiometric and BAEP abnormalities 
contributed to the group differences on 
the VDLT, we repeated the analyses on 
only those MS patients with normal 
audiograms and BAEPs. The overall 
group differences were similar (F[2, 
82]=5.2; P=.007); post hoc analysis in- 
dicated a significant difference be- 
tween the MS group with CCA and the 
control subjects, but no difference be- 
tween the MS group without CCA and 
the control subjects. 


COMMENT 


The left ear suppression observed on 
the auditory dichotic listening task in 


our patients with MS replicates previ- 
ous findings.'? This study extends the 
findings of previous studies by showing 
that reduced interhemispheric com- 
munication in patients with MS can be 
also observed in the visual modality. 
Further, and of greatest importance, 
we have shown that only those MS pa- 
tients with significant atrophy of the 
corpus callosum exhibit extreme lat- 
eralized performance asymmetries. 

On the dichotic listening task, it is 
generally assumed that bilateral, si- 
multaneous stimulus presentations re- 
sult in inhibition of the ipsilateral au- 
ditory pathways.‘ Thus, right ear stim- 
uli are processed primarily in the left 
temporal lobe, while left ear stimuli 
are processed in the right temporal 
lobe. Since the auditory stimuli chosen 
in this task were verbal, information 
initially processed in the right hemi- 
sphere must be transferred via the 
corpus callosum to the left hemisphere 
for subsequent linguistic analysis. In 
this study and in others (eg, the study 
by Berlin et al’), normal subjects’ right 
ear accuracy for consonant-vowel syl- 
lables is typically 10% to 15% better 
than that of the left ear. On the other 
hand, patients who had had a commis- 
surotomy experience total extinction 
of left ear verbal stimuli.’ In our MS 
patients with CCA, the difference in 
ear accuracy is intermediate (30%, 
Figure), suggesting that interhemi- 
spheric transmission is either par- 
tially blocked or slowed. 

Likewise, on the ONLT, initial en- 
coding is performed in the visual cor- 
tex that is contralateral to stimulus 
presentation. Naming the object, how- 
ever, requires transfer of the visual 
code to the left hemishpere for subse- 
quent linguistic analysis and output. 
Verbal responses to stimuli presented 
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Results of Dichotic Listening and Object Naming Latency Test for normal subjects, patients with multiple sclerosis without 
atrophy of the corpus callosum (CC) greater than 5, and patients with multiple sclerosis with atrophy (CC less than 5). 
Error bars indicate SEM; CV, consonant-vowel. 


to the left visual field will be slower 
than those presented to the right due 
to the additional time associated with 
crossing the callosum. Using the same 
task with normal subjects, McKeever 
and Jackson’ observed a 5- to 25-milli- 
second superiority in reaction time to 
stimuli presented in the right visual 
field. While our normal control sub- 
jects had a slight 3-millisecond right 
visual field advantage (Figure), the 
right visual field superiority for the 
MS patients with CCA was 70 milli- 
seconds, suggesting a delay in callosal 
crossover of information processed 
initially in the right hemisphere. 

An alternate explanation for these 
findings would posit that MS patients 
with CCA have more generalized cog- 
nitive dysfunction than patients with- 
out CCA,'° and, consequently, the 
former group should perform more 


1. Jacobson JT, Deppe U, Murray TJ. Dichotic 
paradigms in multiple sclerosis. Ear Hearing. 
1983;4:311-317. 

2. Rubens AB, Froehling B, Slater G, Anderson 
D. Left ear suppression on verbal dichotic tests in 
patients with multiple sclerosis. Ann Neurol. 
1985;18:459-463. 

3. Barnard RO, Triggs M. Corpus callosum in 
multiple sclerosis. J Neurol Neurosurg Psychia- 
try. 1974;37:1259-1264. 

4. Simon JH, Schiffer RB, Rudick RA, Herndon 
RM. Quantitative determination of MS-induced 
corpus callosum atrophy in vivo using MR imag- 
ing. AJNR. 1987;8:599-604. 

5. Poser CM, Paty DW, Scheinberg L, et al. New 
diagnostic criteria for multiple sclerosis: guide- 
lines for research protocols. Ann Neurol. 1983: 
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“poorly” on laterality tests. However, 
the difficulty level on laterality tasks 
should be equivalent for each side of 
stimulus presentation for a given pa- 
tient. As such, absolute performance 
levels should be relatively independent 
of observed lateral asymmetries. 
Hence, we do not believe the data can 
be explained by generalized cognitive 
processing deficiencies. 

These data suggest that the corpus 
callosum plays an important role in 
the performance of complex tasks re- 
quiring precise timing in information 
transfer between multiple brain re- 
gions. Thus, reduced interhemispheric 
communication may not only interfere 
with performance on laterality tasks, 
but also on measures of sustained at- 
tention and vigilance. In a recent 
article,’ severity of CCA, measured 
from the MR scans of patients with 
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MS, was found to be a better predictor 
of reduced speed and accuracy on in- 
formation processing tasks (ie, Stern- 
berg Memory Scanning Paradigm” 
and Paced Auditory Serial Addition 
Test”) than measures of total cerebral 
lesion involvement or of ventricular 
size. Clearly, further work is needed to 
delineate the precise relationship be- 
tween reduced interhemispheric com- 
munication, cognitive deficits, and 
structural brain abnormalities in pa- 
tients with MS. 
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History of Neurology 





The Neurology in Shakespeare 


Lance Fogan, MD, MPH 


è William Shakespeare’s 37 plays and 
poetry contain many references of inter- 
est for almost all of the medical special- 
ties. To support that the Bard could be 
considered a Renaissance neurologist, 
the following important neurological phe- 
nomena have been selected from his rep- 
ertoire for discussion: tremors, paralysis 
and stroke, sleep disturbances, epilepsy, 
dementia, encephalopathies, and the neu- 
rology of syphilis. 

(Arch Neurol. 1989;46:922-924) 


he factual information of 

Shakespeare’s life would fill only 
half of a page. He wrote a will; tax bills 
and a death certificate have his name 
on them. The rest of his life experi- 
ences are known from what others 
speculate. Yet, his works stand as ev- 
idence that he had an oceanic mind; 
one that observed, absorbed, and un- 
derstood everything toward which he 
directed his attention. In the Elizabe- 
than age, intelligent lay observers 
were as effective, if not at least less 
dangerous, in their ministrations to 
the sick as trained physicians. It is 
probably on this basis that 
Shakespeare, that great mirror held 
up to mankind, could so accurately de- 
scribe the various signs, symptoms, 
and courses of disease. 


TREMORS 


There are several references to ap- 
parent paralysis agitans, or tremulous 
conditions, among the Bard’s contin- 
gent of symptoms and diseases. 
Tremor in the senium is in Troilus and 
Cressida 1,3,172: Ulysses says, “And 
then forsooth, the faint defects of age/ 
Must be the scene of mirth; to cough 
and spit,/And with a palsy fumbling 
on his gorget (armor),/Shake in and 
out the rivet...” Shakespeare seems 
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to be describing paralysis agitans in 
Lord Say in Part 2 Henry VI IV, 7,84: 
Butcher queries, “Why dost thou 
quiver, man?” Lord Say responds, 
“The palsy, and not fear, provokes 
me.” Then Jack Cade observes that 
Say’s head shakes (as in paralysis ag- 
itans), “Nay, he nods at us, as who 
should say, ‘TIl be even with you?’ PI 
see if his head will stand steadier on a 
pole... behead him.” 


PARALYSIS 


An enticing clinical description sug- 
gestive of stroke is offered by the in- 
corrigible Falstaff in Part 2 Henry IV 
I,2,101: “And I hear... his highness 
is fallen into this same whoreson apo- 
plexy ... This apoplexy, as I take it, is 
a kind of lethargy, ... a kind of sleep- 
ing in the blood, a whoreson tin- 
gling ... It hath it original from much 
grief, from study and perturbation of 
the brain...” Apoplexy is a “sudden 
stop of sense and voluntary motion, 
from an affection of the brains” ac- 
cording to Schmidt.' Later the King 
again suffers apoplexy in IV,4,110: the 
King says, “...And now my sight 
fails, and my brain/Is giddy. O me! 
Come near me. Now I am much ill.” 
Warwick responds, “... You do know 
these fits/Are with his highness very 
ordinary./Stand from him, give him 
air, he’ll straight be well . . . ” Glouces- 
ter adds, “This apoplexy will certain be 
his end.” The King briefly recovers but 
shortly thereafter dies. No further 
useful mention is made of symptoms, 
focal or otherwise. We can speculate 
that he suffered from stroke and/or 
transient ischemic attacks and/or sei- 
zures. York, an old man in Richard II, 
has a palsied arm, which implies “pa- 
ralysis, cessation of animal function.”! 
In IT,3,103: York says, “... O’ then how 
quickly should this arm of mine,/Now 
prisoner to the palsy, chastise 
thee:.;.. 

In a passage from Measure For 
Measure III,1,34 the Duke expounds on 
the toils, stresses, and worthlessness 
of life, and refers to one of the features 


of old age—paralysis; he says “... for 
all thy blessed youth/Becomes as aged, 
and doth beg the alms of palsied 
eld 2i 
Shakespeare 
King Richard III as a deformed, 


strongly castigates 


hunchbacked, villainous murderer. 
This image is promoted by the Tudor 
chroniclers who clearly had an interest 
in maligning him to justify the 
usurpation of the crown by their 
hero, Henry VII, grandfather of 
Shakespeare’s own reigning Queen 
Elizabeth I. Writers of that time 
record, “It is...reported that the 
Duchess, his mother, had so much ado 
in her travail that she could not be de- 
livered of him uncut, and that he came 
into this world with the feet for- 
ward”—a breech birth.2 A withered 
arm was described by Holinshed, “And 
therewith he plucked up his dublet 
sleeve to his elbow, upon his left arm 
where he showed a weerish withered 
arm, and small...”? But did the Bard 
describe these abnormalities from the 
street scenes of Elizabethan England? 
Brachial plexus or cervical root lesions 
correlate with breech and difficult de- 
liveries; unequal-sized legs can result 
in a limp possibly representative of a 
hemiparetic or spastic paraparetic 
gait that in turn could be secondary to 
a spinal cord lesion associated with 
kyphoscoliosis. In Part 3 Henry VI 
III,2,155: Richard says, “...She did 
corrupt frail nature with some bribe./ 
To shrink mine arm up like a withered 
shrub;/To make an envious mountain 
on my back,/Where sits deformity to 
mock my body;/To shape my legs of an 
unequal size;/to disproportion me in 
every part...” And in Richard III 
III,4,68: Richard says, “... Behold, 
mine arm is like a blasted sapling, 
withered up.” 


SLEEP AND NEUROLOGY 


It is known that learning can con- + 
tinue even during sleep; the brain can 
register external stimuli and 
Shakespeare seems to be aware of 
suggestion under narcosis in the fol- 
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lowing passage from Part 1 Henry IV 
1,3,221: Hotspur states, “... But I will 
find him when he lies asleep, And in his 
ear I'll hollo ‘Mortimer.’ ” 

Descriptions of Falstaff’s drunken, 
‘snoring sleep elicited a minor contro- 
versy in the New England Journal of 
Medicine** over whether Shakespeare 
was describing sleep apnea (obstruc- 
tive type). After imbibing much sack 
(sherry), as was his wont, and passing 
out, Falstaff was discovered snoring 
heavily in Part 1 Henry IV II,4,503: 
Peto expands, “Falstaff! Fast asleep 
behind the arras, and snorting like a 
horse.” The Prince adds, “Hark how 
hard he fetches breath...” 

Insomnia, too, is depicted by the 
great dramatist. Typical is the King 
lamenting his insomnia while his low- 
est subjects can easily find that soft 
nurse of nature, sleep, in Part 2 Henry 
TV Ill,1,4: the King says, “How many 
thousands of my poorest subjects/Are 
at this hour asleep! O sleep, O gentle 
sleep/Nature’s soft nurse, how have I 
frightened thee,/That thou no more 
wilt weigh my eyelids down/And steep 
my senses in forgetfulness? ...” A su- 
perb description of insomnia is in son- 
net 27: “Weary with toil, I haste me to 
my bed,/The dear repose for limbs 
with travel tired,/But then begins a 
journey in my head/To work my mind 
when body’s work expired;/...Lo 
thus, by day my limbs by night my 
mind,/For thee and for myself no quiet 
find.” 

Somnambulism and somniloguism 
are symptomatic disturbances of stage 
4 sleep. They can be symptoms of the 
dissociative form of hysteria. Charcot‘ 
characterized the somnambulic stage 
of sleep as that in which “all the senses 
are intact, ... although the conscience 
is in abeyance ...,” ie, the motor cen- 
ters are awake but the higher centers 


> are asleep. Among the best literary 


examples of these phenomena are the 
sleepwalking and sleeptalking of Lady 
Macbeth, as depicted in Macbeth V,1,4: 
The Gentlewoman says, “...I have 
seen her rise from her bed, throw her 
nightgown upon her, unlock her closet, 
take forth paper, fold it, write upon it, 
read it, afterwards seal it, and again 
return to bed; yet all this while in a 
most fast sleep.” The Doctor says, “A 
great perturbation in nature, to re- 
ceive at once the benefit of sleep and do 
the effects of watching! In this slumbry 
agitation, ... what (at any time) have 
you heard her say? .. .” (Lady Macbeth 
then enters holding a candle). The 
Doctor says, “You can see her eyes are 
open.” The Gentlewoman reproaches, 
“Ay, but their sense are shut.” Emo- 
tional disturbances and anxiety, the 
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troubled subconscious mind, seem to 
be the bed from which these sleep dis- 
turbances arise; it is no wonder that 
Lady Macbeth walked and talked in 
her sleep after her part in multiple 
murders. 


EPILEPSY 


Two of the plays include people de- 
scribed in the throes of a fit; three oth- 
ers refer to altered behavior and/or 


responsiveness. In Julius Caesar 
12,246: Casca says, “...for he 
swounded and fell down at it... He 


fell down in the marketplace and 
foamed at the mouth and was speech- 
less.” Brutus adds, “Tis very like he 
hath the falling sickness. ... What did 
he say when he came unto himself?” 
Casca continues, “...and so he fell. 
When he came to himself again, he 
said, if he had done or said anything 
amiss, he desired their worships to 
think it was his infirmity.” 

Othello experiences an actual sei- 
zure on stage, preceded by extreme 
emotional upset and agitation, then 
mental confusion, followed by Iago ad- 
vising Cassio, who is also witnessing 
the seizure, that the lethargy of the 
postictus must play its course. He also 
warns of the “savage madness” so of- 
ten a feature of partial complex sei- 
zures. In IV,1,41: Othello anguishes, 
“ ..It is not words that shakes me 
thus. -Pish! Noses, ears, and lips? Is’t 
possible? -Confess? -Handkerchief? -O 
devil! (falls into a trance). Iago ob- 
serves, “...My lord is fall’n into an 
epilepsy./This is his second fit; he had 
one yesterday.” Cassio suggests, “Rub 
him on the temples.” Iago says, “No, 
forbear./The lethargy must have his 
quiet course./If not, he foams at 
mouth, and by and by/Breaks out to 
savage madness. Look, he stirs./Do 
you withdraw yourself a little while./ 
He will recover straight...” Later 
Shakespeare depicts this epileptic 
Othello committing the strangulation 
murder of his wife while in a rage. To- 
day, defense lawyers would attempt to 
lessen the perpetrator’s responsibility 
with a plea of temporary incompetence 
in the form of an act occurring during 
a partial complex seizure. The victim, 
Desdemona, even supports this plea 
that he may be in the midst of a seizure 
in V,2,40: “And yet I fear you; for 
you're fatal then/When your eyes roll 


” 


SO... 
DEMENTIA 


The works of William Shakespeare 
are as fertile a field from which to 
harvest literal examples of people who 
have lost their fullest intellectual pow- 
ers as any extant. He portrays both the 
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physique and the mentality of age: a 
broken voice, white hair and wrinkles, 
secreting orifices, weakness of limb 
and sense, various diseases, ugliness of 
face and crookedness of stature, talk- 
ativeness, lack of friends, and most 
skillfully of all, especially as illus- 
trated in King Lear, its failing mental 
powers. The sonnets (63, 64, and 65) 
exquisitely describe when age steals 
beauty, love, and life from us, so too 
our reason. In Henry V IV,3,49: the 
King says, “Old men forget...” In 
Much Ado About Nothing II1,5,33: Dog- 
berry says, “When the age is in, the wit 
is out.” Jacques’ famous “seven ages of 
man” speech in As You Like It I1,7,163: 
“ .. Last scene of all,/...Is second 
childishness and mere oblivion,/Sans 
teeth, sans eyes, sans taste, sans ev- 
erything.”’ 

King Lear’s Act I notes Lear’s “dis- 
cernings are lethargied”; soon his 
memory begins to fail. He grows talk- 
ative, he overeacts with disproportion- 
ate anger and decompensation of in- 
hibitions, he shows a wayward petti- 
ness, and he foresees approaching 
madness. As he decompensates his 
daughters remark about symptoms of 
his senile dementia: “How full of 
changes his age is.” 1,1,288; and “with 
what poor judgement he acts,” 1,1,290; 
and “old fools are babes again,” 1,8,19; 
“ ..Here I stand... A poor, infirm, 
weak and despised old man . . . My wits 
begin to turn,” III,2,19. The Fool pro- 
phetically declares, “This cold night 


will turn us all to fools and madmen,” ~ 


By the end of act III Lear’s wits are 
gone. In an erudite psychiatric ap- 
praisal of King Lear, Andreasen’ sum- 
marized Lear’s decline in that as an old 
man becoming senile he was ill 
equipped to deal with changes of any 
kind. In our practices we see how such 
minor changes as visits to places out- 
side the home are enough to decom- 
pensate demented patients’ “equilibi- 
rium.” But Lear had to deal with be- 
trayal, loss of his home, kingship, and 
dignity, loss of all familiar friends, ex- 
cept the fool, and the violence of nature 
in the form of a storm. A severe stress 
reaction, or reactive psychosis, was the 
result and Shakespeare so adroitly 
made Lear’s prominent symptoms to 
be confusion, visual hallucinations, 
and disorganized thinking. Colman,‘ in 
a paper on Shakespeare and the DSM- 
III (Diagnostic and Statistical Manual 
of Mental Disorders), discussed fea- 
tures of Lear’s symptomatology. His 
article also points out that visual, as 
opposed to auditory, hallucinations 
usually imply an organic cause in con- 
trast to a functional cause. A percep- 
tive and thoughtful contrasting view 
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of Lear is offered by Joseph M. Foley, 
MD, of Cleveland, Ohio (oral commu- 
nications, 1986); he suggests that Lear 
was delirious, and not demented, be- 
cause Lear clearly regains his mental 
functions at the end of the play. An apt 
clinical description of wasted, sickly 
senescence is given by Hamlet as he 
jeers old Polonius in Hamlet I1,2,196: 
“...0ld men have grey beards, 
... their faces are wrinkled, their eyes 
purging thick amber and plum-tree 
gum, and that they have a plentiful 
lack of wit, together with most weak 
hams...” 

The following description, typical of 
senile dementia of Alzheimer’s type, 
could lead one to believe that 
Shakespeare visited a modern long- 
term care facility in the reader’s own 
community; Polixenes depicts a vege- 
tative old dement in Winter’s Tale 
IV,4,390: “... Is not your father grown 
incapable/Of reasonable affairs? Is he 
not stupid/With age and alt’ring 
rheums? Can he speak? Hear?/Know 
man from man? Dispute his own es- 
tate?/Lies he not bed-rid? And again 
does nothing/But what he did being 
childish?” 


ENCEPHALOPATHIES 


Hepatic encephalopathy is effec- 
tively argued by Summerskill’ as being 
responsible for the personality of Sir 
Andrew Aguecheek in Twelfth Night. 
Summerskill believed “so astute were 
Shakespeare’s observations... that 
his creation of Aguecheek may have 
anticipated by more than 3 and 1/2 
centuries a case report of the syn- 
drome of transient dementia in liver 
disease due to intolerance of nitroge- 
nous substances.” Aguecheek was ob- 
tuse, inappropriate, and his name im- 


All Shakespeare quotations are from the 
Complete Pelican Shakespeare, edited by 
Alfred Harbage, Penquin Books, New York, 
NY; 1981. 


1. Schmidt A. Shakespeare Lexicon and Quota- 
tion Dictionary. 3rd ed. Revised and Enlarged by 
George Sarrazin. New York, NY: Dover Publica- 
tions; 1971. 

2. Seward D. Richard III, England's Black 
Legend. New York, NY: Franklin Watts Inc; 
1984:22. 
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plies a pale, tremulous cheek —because 
the coward was constantly in fear. 
Other characters in the play say that 
Aguecheek is “drunk nightly.” Sir 
Toby Belch comments: III,2,54: “For 
Andrew, if he were opened, and you 
find so much blood in his liver as will 
clog the foot of a flea, I’ll eat the rest 
of his anatomy.” The diagnosis of cir- 
rhosis, with the resultant decompen- 
sation into encephalopathy following a 
nitrogen overload, is supported by 
Aguecheek’s own observations. With 
accurate insight, that is so out of char- 
acter, he confesses in I,3,77: “...l am 
a great eater of beef, and I believe that 
does harm to my wit.” 


THE NEUROLOGICAL COMPLICATIONS 
OF SYPHILIS 


The “pox” is mentioned in many of 
the works. Timon of Athens introduces 
Timon initially as a cultured and 
prominent Athenian leader. As the 
play proceeds, his intellect pathologi- 
cally weakens into “a ruinous 
man...full of decay...” IV,3,455; 
this is suggestive of the progression of 
a syphilitic into a paretic dement. Of 
special interest are the symptoms in- 
cluded in Timon’s malignant tirade di- 
rected at two prostitutes. He encour- 
ages them to “give them (men) dis- 
eases” and to cause lawyers’ voices to 
“crack.” Tertiary syphilis can cause 
aneurysms of the ascending thoracic 
aorta that can compress the left recur- 
rent laryngeal nerve and paralyze the 
left vocal cord; this clinical entity is 
known as “prostitute’s whisper.” 
IV,3,153: Timon says, “... Crack the 
lawyer’s voice,/That he may never 
more false title plead/Nor sound his 
quillets shrilly...” Tabes dorsalis is 
the neuropathologic form of the dis- 


References 


3. Nicoll A, Nicoll J. Holinshed’s Chronicle as 
Used in Shakespeare’s Plays. London, England: 
JM Dent & Sons Ltd; 1927:151. 

4. Adler JJ. Did Falstaff have the sleep-apnea 
syndrome? N Engl J Med. 1983;308:404. 

5. Junghans RP. Falstaff was drunker than he 
was fat. N Engl J Med. 1983;308:1483. 

6. Charcot JM. Clinical lectures on the diseases 
of the nervous system. In: The Classics of Neurol- 
ogy and Neurosurgery Library. Birmingham, Ala: 
Gryphon Editions: 1985;3:292. 

7. Andreasen NJC. The artist as scientist: psy- 


eT oN a ae ee burmese i | 


ease responsible for the lightning like 
pains in the extremities and for impo- 
tency, which also did not elude the ob- 
servation of this great author. In 
IV,3,152: Timon says, “... strike their 
sharp shins,/ ... Plague all/That your 
activity may defeat and quell/The 
source of all erection...” Inconti- 
nence, another symptom of tabes dor- 
salis, is mentioned by Shylock in the 
Merchant of Venice IV,1,49, as is an 
additional complication of tertiary 
syphilis, gummas of the palate and/or 
nasal septum causing nasal speech; 
Shylock says, “...and others, when 
the bagpipe sings i’th’ nose,/Cannot 
contain their urine...” 


CONCLUSION 


Although written almost 4 centuries 
ago, Shakespeare’s ideas and concepts 
are current; this is demonstrated in 
1989 as we minister to our polyintu- 
bated and ventilatory-assisted pa- 
tients in intensive care units. Agoniz- 
ing over ethics and the appropriate- 
ness of our life-prolonging activities, 
the Bard admonishes us, through 
Kent, as the dying Lear is ministered 
to by aides, “Vex not his ghost. O, let 
him pass! He hates him/that would 
upon the rack of this tough world/ 
stretch him out longer,” V,3,314. This 
presentation of some of the magnifi- 
cent neurological observations in the 
Bard’s writings will make the reader 
more aware of the richness of life’s ex- 
periences from the point of view 
of that literary genius, William 
Shakespeare. But, be not personally 
affronted nor discouraged from fur- 
ther study of Shakespeare, just be- 
cause, again in King Lear 1,1,162, Kent 
admonishes: “Kill thy physician, and 
thy fee bestow/upon the foul disease.” 


chiatric diagnosis in Shakespeare’s tragedies. 
JAMA. 1976;235:1868-1872. 

8. Colman EAM. Squibb Academic Lecture: 
Shakespeare and DSM-III. Aust NZ J Psychiatry. 
1986;20:30-36. 

9. Summerskill WHJ. Aguecheek’s disease. 
Lancet. 1955;2:288. 

10. Boyd WA. The blood vessels. In: Textbook of 
Pathology. Philadelphia, Pa: Lea & Febiger; 
1961:500-544. 
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Pontine Myelinolysis and Delayed Encephalopathy 
Following the Rapid Correction of Acute Hyponatremia 


Joseph D. Weissman, MD, PhD, Barbara M. Weissman, MD 


è We describe a case of pontine myeli- 
nolysis associated with hyponatremia and 
hyperammonemia resulting from bladder 
irrigation during a transurethral prostatic 
resection. Following the procedure the 
patient exhibited seizurelike activity. He 
underwent rapid correction of the hypona- 
tremia, he initially recovered but devel- 
oped encephalopathy 19 days later. Mag- 
netic resonance images showed symmet- 
rical lesions in the white matter of the 
cerebellar peduncles. A relatively small 
pontine lesion was also noted. The patient 
later recovered. This case demonstrates 
that myelinolysis associated with rapid 
correction of hyponatremia may be 
greater in the cerebellar peduncles than in 
the central pons. 

(Arch Neurol. 1989;46:926-927) 


Central pontine myelinolysis (CPM) 
_~ isa well-recognized syndrome that 
occurs in association with the rapid 
correction of hyponatremia. In the 
cases originally described by Adams et 
al' and in many of the more than 100 
cases since reported, the patients died 
following a rapidly progressive quad- 
riparesis, permitting neuropathologic 
demonstration of CPM. More recently, 
x-ray computed tomography and, to a 
greater extent, magnetic resonance 
imaging have enabled the antemortem 
detection of CPM in patients who have 
recovered or who go on to recover." 


REPORT OF A CASE 


A 74-year-old man underwent a trans- 
urethral prostatic resection for prostatic 
hypertrophy. During the procedure his 
bladder was irrigated with a low-conduc- 
tivity electrocautery-compatible dilute 
aqueous solution (1.5%) of glycine. There 
were no other components inthe irrigating 
solution. His recovery was initially un- 
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eventful; he awoke alert and oriented. Four 
hours later he became lethargic and unre- 
sponsive to commands. The pupils were 2 
mm and unreactive, but became 4 mm and 
sluggishly reactive following the intrave- 
nous administration of 0.8 mg of naloxone. 
Oculocephalics were intact. The left side of 
his face was twitching, and he was unre- 
sponsive to deep pain. All extremities were 
flaccid. The right plantar response was ex- 
tensor, the left was neutral. He became ta- 
chypneic and was intubated without pro- 
gression to respiratory arrest. Results of 
laboratory studies revealed a serum sodium 
level of 116 mmol/L (serum sodium level on 
admission, 141 mmol/L) and a serum am- 
monia level of more than 1000 wmol/L. The 
electrocardiogram showed no acute 
changes. He was treated for 1 hour with 3% 
saline at 25 mL/h and then the treatment 
was changed to 0.9% saline at 75 mL/h. Re- 
sults of laboratory studies revealed that his 
serum sodium level rose to 129 mmol/L in 
24 hours and to 136 mmol/L in 36 hours. 
Within 48 hours the patient became more 
responsive, answered simple questions, and 
was extubated. 

He gradually recovered. Five days later 
he was oriented to person, place, day of the 
month (but not the year), and was able to 
stand and walk with assistance. He was 
discharged home 14 days after the opera- 
tion with a “recent memory difficulty” 
noted by his surgeons and family. 

Nineteen days after the operation he de- 
veloped “trouble thinking” according to his 
family and became increasingly lethargic. 
He was readmitted. He opened his eyes 
when called by name, but would not direct 
his gaze to command. His corneal reflexes 
were decreased. He moved all four extrem- 
ities spontaneously and withdrew to pain. 
Muscle tone was diffusely increased, and he 
had prominent grasp, palmomental, snout, 
and glabellar responses. Results of labora- 
tory studies disclosed the following values: 
sodium, 130 mmol/L and ammonia, 14 
umol/L. Thyroid function and serum corti- 
sol levels were normal. Cerebrospinal fluid 
studies disclosed the following values: 33 
red blood cells; 1 white blood cell; glucose, 
3.5 mmol/L and protein, 0.72 g/L. A com- 
puted tomographic scan of the head re- 
vealed mild cortical atrophy. The electro- 
encephalogram was diffusely slow, particu- 
larly over the left hemisphere. The 
following week he became less responsive 
but without new focal deficits. A magnetic 


resonance imaging study showed symmet- 
rical areas of abnormally decreased signal 
on Tl-weighted (Figure, left), and abnor- 
mally increased signal on T2-weighted 
(Figure, center) images in the superior cer- 
ebellar peduncles. A small lesion was also 
visible in the left ventral pons on spin-den- 
sity-weighted scans (Figure, right). 

Ten days after admission, he became 
more responsive and by day 16 he spoke 
fluent but meaningless phrases. By day 35, 
he was fully alert, oriented, and able to walk 
short distances with minimal assistance. 
He was mildly hyperreflexive on the right 
side with an extensor plantar response. 
Mental status testing showed impaired in- 
termediate-term memory and word-finding 
difficulty. A second magnetic resonance im- 
aging on day 29 showed no change in the le- 
sions in the cerebellar peduncles. The pon- 
tine lesion was not well seen. Brain-stem 
auditory evoked potentials on the 46th post- 
operative day demonstrated prolonged la- 
tencies in response to stimulation of the left 
ear (1 to 3 interpeak latency, 2.56 ms [left] 
and 2.24 ms [right], with 2.5 SD at 2.44 ms; 
1 to 5 interpeak latency, 4.64 ms [left] and 
4.32 ms [right], with 2.5 SD at 4.44 ms). Vis- 
ual-evoked potentials showed an 8.5-ms 
greater latency of the major positive re- 
sponse to stimulation of the left eye with 
30’ check size. On day 55 the patient was 
transferred to another hospital for several 
weeks of rehabilitation and afterward he 
was dicharged home. At home and 6 months 
postoperatively, he functioned indepen- 
dently, but was said to have residual atten- 
tional and cognitive deficits. 


COMMENT 


We believe that this case represents 
an atypical form of CPM because of the 
occurrence of hyponatremia, rapid 
correction, and the presence of sym- 
metrical demyelinating lesions in the 
cerebellar peduncles in addition to a 
small lesion in the basis pons. The ab- 
sence of prior neurologic disease and 
the lack of an alternative satisfactory 
pathologic diagnosis also support this 
conclusion. 

The above notwithstanding, this Ł 
case differs from the usual presenta- 
tion of CPM. First, the patient had no 
underlying medical problem such as 
chronic alcohol abuse or hepatie cir- 
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Two-dimensional multislice magnetic resonance images. TR500/TE17 T1-weighted coronal (left) and TR2000/TESO 
T2-weighted axial (center) scans. The arrows indicate the location of the lesions symmetrically within the cerebellar pedun- 
cles. A TR2.1/TE28 spin density-weighted axial image (right) demonstrating a small lesion in the left basis pons (arrow). 


rhosis. Second, he became acutely hy- 
ponatremic within 1 hour and had an 
elevated serum ammonia level. 

During surgery the patient’s blad- 
der was irrigated with a dilute glycine 
solution. It is not uncommon for pa- 
tients undergoing transurethral resec- 
tion to absorb large quantities of ir- 
opened prostatic 
venous channels. The use of glycine for 
bladder irrigation is associated with 
water intoxication, hyperglycinemia, 
hyperammonemia, transient neuro- 
logic (visual) deficits,* and, in severe 
cases, respiratory depression and 
seizures.’ As a result, bladder irriga- 
tion pressure and procedure duration 
are kept at a minimum. 

Our patient became acutely hypona- 
tremic, which was corrected with the 
administration of hypertonic saline: 13 
mmol/L over the first 24 hours and 7 


Æ mmol/L over the next 12 hours. This 


rate of correction is faster than what 
has been suggested.*’ Although exper- 
imental evidence?’ suggests that cor- 
rection of acute hyponatremia is asso- 


1. Adams RD, Victor M, Mancall EL. Central 
pontine myelinolysis: a hitherto undescribed dis- 
ease occurring in alcoholic and malnourished pa- 
tients. Arch Neurol Psychiatry. 1959;81:154-172. 

2. Rippe DJ, Edwards MK, D’Amour PG, 
Holden RW, Roos KL. MR imaging of central 
pontine myelinolysis. J Comput Assist Tomogr. 
1987;11:724-726. 

3. Thompson DS, Hutton JT, Stears JC, Sung 
JH, Norenberg M. Computerized tomography in 
the diagnosis of central and extrapontine myeli- 
nolysis. Arch Neurol. 1981;38:243-246. 

4. Creel DJ, Wang JM, Wong KC. Transient 
blindness associated with transurethral resection 
of the prostate. Arch Ophthalmol. 1987;28:1537- 
1539. 

5. Harrison RH, Boren JS, Robison JR. Dilu- 
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ciated with minimal neurologic se- 
quelae, this patient developed pontine 
myelinolysis. 

Third, the patient had a delayed on- 
set of symptoms following rapid cor- 
rection of hyponatremia. The signs of 
CPM may develop after a delay of 1 to 
6 or more days after rapid correc- 
tion. 

Last, the distribution of lesions was 
atypical for CPM, being greater in the 
cerebellar peduncles (Figure 1) than in 
the basis pons. In this patient the 
greatest signal intensity changes oc- 
curred symmetrically in the cerebellar 
peduncles and was appropriate for a 
demyelinating process—increased sig- 
nal on T2-weighted scans and de- 
creased signal on T1l-weighted scans. 
There was a smaller area in the left 
basis pons of decreased signal on spin- 
density-weighted scans (isointense on 
T2-weighted scans), which was not 
visualized on repeated scans. The sig- 
nal characteristics of this smaller le- 
sion are atypical for myelinolysis. Ex- 
trapontine myelinolysis has been de- 
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scribed in other autopsy proven cases 
of CPM.'2"4 

The symmetry of the lesions in this 
case is uncharacteristic for inflamma- 
tory, autoimmune, or ischemic pro- 
cesses, nor is there a process other 
than CPM that can account for the 
distribution of lesions seen in this case. 
It is unlikely that the patient had 
Marchiafava-Bignami syndrome, as 
the corpus callosum was not involved. 

Patients undergoing a common sur- 


gical procedure appear to be at risk for. 


acute hyponatremia and secondary 
neurologic complications. The risk of 
pontine myelinolysis after transure- 
thral resections and similar proce- 
dures could be minimized by close 
monitoring of hemodilution during the 
procedure. Increasing the concentra- 
tion of sodium in the irrigating fluid 
would preclude the use of electrocau- 
tery because it would increase the con- 
ductivity. If patients become hypona- 
tremic, the condition should be cor- 
rected slowly to a subnormal, mildly 
hyponatremic level. 
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Sodium and Water Regulation in a Patient 
With Cerebral Salt Wasting 


Michael Diringer, MD; Paul W. Ladenson, MD; Cecil Borel, MD; 
Graeme K. Hart, FFARACS; Jeffrey R. Kirsch, MD; Daniel F. Hanley, MD 


@ Hyponatremia, in patients with cen- 
tral nervous system disease, can be 
attributable to impaired free water excre- 
tion (syndrome of inappropriate secretion 
of antidiuretic hormone) or to excessive 
sodium excretion (cerebral salt wasting). 
We present a patient with a parietal glio- 
ma and hyponatremia characterized by 
salt wasting and dehydration. Rehydra- 
tion and sodium repletion corrected the 
sodium and volume deficits; withdrawal of 
supplemental sodium resulted in recur- 
rence of dehydration and hyponatremia. 
We determined sodium and water balance 
and measured plasma atriopeptin, antidi- 
uretic hormone, and aldosterone. Plasma 
atriopeptin ranged from 8 to 44 pg/mL 
(normal, <45 pg/mL); antidiuretic hor- 
mone was not elevated at 4 to 5 pg/mL, 
and aldosterone was slightly elevated at 
1040.25 pmol/L. The concentrations of 
these hormones could not directly explain 
the natriuresis; interactions with neural or 
other humoral factors may be involved. In 
evaluating such patients, careful atten- 
tion to sodium and water balance is 
important to guide appropriate therapy. 

(Arch Neurol 1989;46:928-930) 


Hyponatremia is often encountered 

in patients with central nervous 
system (CNS) disease and can be asso- 
ciated with worsening of the patient’s 
neurologic condition. Early reports of 
patients with intracranial disease and 
hyponatremia emphasized concurrent 
natriuresis and volume contraction!“ 
suggesting that excessive renal sodi- 
um excretion was the result of a cen- 
trally mediated process that was 
termed cerebral salt wasting. Howev- 
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er, the specific mechanism was not 
determined. Subsequently, hypona- 
tremia associated with intracranial 
disease was attributed to the syn- 
drome of inappropriate secretion of 
antidiuretic hormone (SIADH) that 
results in dilutional hyponatremia, 
hypotonic serum, and inappropriately 
concentrated urine. Intravascular 
volume remains normal or is slightly 
increased and this type of hypona- 
tremia corrects with fluid restriction. 
More recently, neurologic patients 
with hyponatremia due to an inappro- 
priate natriuresis rather than renal 
free water retention have again been 
recognized.** In contrast to SIADH, 
this type of hyponatremia can be cor- 
rected with vigorous sodium and vol- 
ume replacement and is exacerbated 
by fluid restriction. 

It has been proposed that salt wast- 
ing in intracranial disease may be due 
to a natriuretic hormone or altered 
neural input to the kidneys’; however, 
confirmation is lacking. We hypothe- 
sized that elevated levels of circulat- 
ing atriopeptin (AP, atrial natriuret- 
ic factor) could account for salt wast- 
ing. This peptide produces natriuresis 
and diuresis when administered 
either peripherally’ or centrally.” 
This article describes a patient with a 
parietal tumor who developed hypo- 
natremia due to a salt-wasting syn- 
drome. We determined his total body 
sodium and water balance and 
response to fluid restriction. Humoral 
regulation of sodium and water 
homeostasis was assessed by mea- 
surement of plasma levels of atriopep- 
tin, antidiuretic hormone (ADH), and 
aldosterone. 


REPORT OF A CASE 


A 44-year-old right-handed man pre- 
sented with a generalized tonic-clonic sei- 
zure following two days of mental status 
deterioration. Serum sodium concentra- 
tion was 109 mmol/L. Ten years earlier, he 
had undergone resection of a low-grade 
glioma from the left parietal lobe followed 
by radiation therapy. One year before this 


admission, when a recurrence was re- 
sected, his postoperative course was com- 
plicated by transient hyponatremia and 
lethargy that spontaneously resolved. He 
had a residual mild right hemiparesis and 
did well for the next nine months. On 
admission (day 1 in the Figure) he was 
lethargic, had worsening of his right hemi- 
paresis, and an expressive aphasia. There 
was no history of surreptitious diuretic 
use. He was clinically dehydrated with a 
central venous pressure (CVP) of -3 mm 
Hg, but the urinary sodium concentration 
was inappropriately elevated at 66 mmol/ 
L. Rehydration and sodium supplementa- 
tion was accomplished with a combination 
of 2 L of normal (0.9%) saline and 1 L of 
hypertonic (3% ) saline. Serum sodium con- 
centration rose to 118 mmol/L and CVP to 
0 mm Hg. Over the next nine days urinary 
sodium concentration was persistently ele- 
vated (88 to 210 mmol/L). Administration 
of (113 to 300 mmol) 6.6 to 17.5 g of sodium 
per day resulted on day 10 in establish- 
ment of positive sodium balance and cor- 
rection of serum sodium to 138 mmol/L. On 
day 11 sodium supplementation was dis- 
continued and the patient was adminis- 
tered 2 L of nasogastric tube feeding, with 
a sodium concentration of 37 mmol/L, each 
day. This provided a daily sodium intake of 
4.3 g. By day 16 the serum sodium concen- 
tration had fallen to 130 mmol/L, CVP 
remained stable at 2 mm Hg, and the 
urinary sodium concentration remained 
elevated (155 to 169 mmol/L). To test the 
patient’s ability to conserve sodium, the 
response to a 24-hour period of water (650 
mL) and sodium (15 mmol) restriction was 
assessed. Natriuresis and diuresis per- 
sisted with a urinary output of 1905 mL 
that had a sodium concentration of 169 
mmol/L. The CVP fell to -2 mm Hg and 
serum sodium concentration to 127 mmol/ 
L. Resumption of sodium supplementation 
with 4 g (68.4 mmol) of oral sodium chlo- 
ride, in addition to the 4.3 g from nasogas- 
tric feedings, resulted in correction of the 
hyponatremia and reversal of intravascu- 
lar volume contraction. On admission the 
patient was begun on dexamethasone ther- 
apy (16 mg/d), which was reduced over five 
days and discontinued. Serum aldosterone 
concentration, measured on day 3 during 
the initial rehydration, was mildly ele- 
vated (1040.25 pmol/L). Thyroid function 
tests were normal, creatinine clearance on 
day 1 was 1.81 mL/s, and serum creatinine 
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Serial measurements of serum sodium concentration, sodium and water balance, antidiuretic 
(ADH), and atriopeptin (AP) in patients with cerebral salt wasting. Day 1 is day of admission. 
Patient received sodium supplementation from days 1 to 11 and days 18 to 25. On day 17 there 
was 24-hour trial of fluid and sodium restriction. Asterisk indicates fluid restriction. 


did not change throughout the period of 
study. 

Serial measurements of plasma AP con- 
centration were made on extracted plasma. 
Recovery of iodine 125 human AP was 
90%; reported values are not corrected. 
Atriopeptin was quantified by specific 
radioimmunoassay for human alpha-AP 
(Peninsula Laboratories, Belmont, Calif). 
Assay sensitivity was 4 to 8 pg per tube; 
intra-assay and interassay coefficients of 
variation were 5% and 16%, respectively. 
The ten plasma AP determinations made 
for this patient ranged from 8 to 44 pg/mL 
and did not correlate with plasma or uri- 
nary sodium concentration. The normal 
range for this assay is less than 45 pg/ 
mL.” 

Serial plasma ADH concentrations were 
assayed by radioimmunoassay. The assay 
is a delayed tracer immunoassay that uses 
extracted plasma. Standardization was 
performed with synthetic ADH (Peninsula 
Laboratories). The sensitivity of the assay 
is 2.5 pg/mL and recovery is 84% to 88% 
over the range 3 to 90 pg/mL." The nine 
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measurements for this patient ranged 
between 4 and 5 pg/mL. The normal range 
for osmotic regulation in humans is 2 to 10 
pg/mL and hypovolemia can produce levels 
up to 30 pg/mL." 


COMMENT 


Hyponatremia is a well-recognized 
problem in patients with a variety of 
intracranial diseases, including sub- 
arachnoid hemorrhage,’ pituitary 
disorders, tumor,'*'® and meningi- 
tis.>™6 Early characterizations of such 
patients emphasized excessive uri- 
nary sodium excretion as the cause of 
hyponatremia.'* Later, after the 
description of SIADH,‘ there were 
many reports of neurologic patients 
who were believed to have hypona- 
tremia secondary to SIADH.'*"* These 
patients met the suggested laboratory 
criteria for the diagnosis of SIADH: 
hypotonic serum, inappropriately con- 
centrated urine, and no evidence of 


renal or adrenal disease. Since that 
time, SIADH has become accepted as 
a leading cause of hyponatremia in 
neurologic patients. 

Nelson et al’ challenged the concept 
that all hyponatremic patients with 
intracranial disease meeting these 
laboratory criteria had SIADH. In 12 
such patients, they found that ten had 
a significantly decreased blood vol- 
ume that was more readily explained 
by renal sodium wasting. Hypona- 
tremia has subsequently been re- 
ported in combination with a negative 
sodium balance and intravascular vol- 
ume depletion in patients with sub- 
arachnoid hemorrhage,’ head trau- 
ma,? carcinomatous meningitis,’ in- 
tracranial tumors,'* and following 
pituitary surgery.’ In an experimental 
model of subarachnoid hemorrhage, 
Nelson et al” produced a similar syn- 
drome. He demonstrated a shift from 
positive to negative sodium balance 
and hyponatremia associated with a 
small drop in plasma volume. There 
were no changes in the concentrations 
of plasma ADH or aldosterone. 

Thus, there appear to be two dis- 
tinct types of hyponatremia in 
patients with intracranial disease. 
Both types may meet the laboratory 
criteria for SIADH but differ signifi- 
cantly in terms of intravascular vol- 
ume status and sodium balance. In 
SIADH, the hyponatremia is dilution- 
al due to excessive water retention; 


intravascular volume is normal or,“ 


slightly increased. This condition 
results from inappropriate release of 
ADH from the neurohypophysis. In 
the second group, however, intravas- 
cular volume is contracted and the 
hyponatremia is due to excessive loss 
of sodium in the urine. This condition 
is aggravated by fluid restriction and 
requires sustained sodium and fluid 
supplementation. This article de- 
scribes a hyponatremic patient with 
inappropriate natriuresis and intra- 
vascular volume. depletion, which 
worsened with fluid restriction. Long- 
term sodium supplementation was 
required to maintain normal serum 
sodium concentration and intravascu- 
lar volume. | 

The cause of the inappropriate 
natriuresis associated with intracra- 
nial disease (cerebral salt wasting) 
has not been established. Regulation 
of sodium homeostasis involves both 
humoral and neural mechanisms." 
Humoral.-factors include the renin- 
aldosterone axis, atriopeptin, anti- 
diuretic hormone,* and possibly a 
digoxin-like immunoreactive sub- 
stance that enhances renal sodium 
excretion.” Neural factors include 
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direct neural modulation of tubular 
sodium reabsorption and indirect neu- 
ral modulation of renin release.” The 
CNS acts to integrate these mecha- 
nisms. Additional systemic factors, 
which could contribute to hypona- 
tremia include abnormal renal func- 
tion, hypoaldosteronism, glucocorti- 
coid deficiency, hypothyroidism, con- 
gestive heart failure, cirrhosis, and 
persistent fluid loss. We hypothesized 
that elevated concentrations of plas- 
ma AP could account for the inappro- 
priate natriuresis in cerebral salt 
wasting. This peptide has been local- 
ized to both the myocardium and the 
CNS. It is released from the cardiac 
atria in response to increases in atrial 
pressure.” Infusion of synthetic AP 
produces a natriuresis and diuresis, 
relaxes vascular smooth muscle, 
antagonizes the renin aldosterone 
axis, and inhibits ADH release.” 
Atriopeptin may also be a neuro- 
modulator in brain areas, which play 
a role in regulation of water and sodi- 
um homeostasis.” 

We did not detect elevated levels of 
circulating AP in this patient and 
thus we cannot account for the salt 
wasting on this basis. The ADH levels 
were within the range of normal 
osmotic regulation (0 to 10 pg/mL). 
This is more remarkable as the 
patient was volume-contracted, and 
hypovolemia can produce levels as 
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high as 30 pg/mL." The levels 
detected in this patient most likely 
reflect an appropriate response to 
hypovolemia. Other causes of hypona- 
tremia were not apparent in this 
patient. Circulating aldosterone was 
mildly elevated, as would be expected 
in intravascular volume depletion.” 
Renal function was normal and he 
was not receiving diuretics. Results of 
thyroid function tests were normal 
and he was receiving glucocorticoid 
replacement. There was no ongoing 
fluid loss, evidence of congestive heart 
failure, or cirrhosis. 

The pathophysiologic condition re- 
sponsible for this type of salt wasting 
remains undefined. Investigation of 
salt wasting in subarachnoid hemor- 
rhage has failed to demonstrate a 
direct relationship with ADH,” aldo- 
sterone,” or AP.” In this patient we 
also found no evidence for a direct 
relationship with AP, ADH, or aldo- 
sterone. Clinical information for 
humans is lacking regarding the role 
of renal nerve activity in altering 
sodium reabsorption or in modifying 
the renal response to circulating AP. 
Similarly, the role of digoxin-like 
immunoreactive substance in regula- 
tion of sodium homeostasis has yet to 
be determined. Either mechanism 
could account for this salt wasting. 

Distinguishing between SIADH and 
cerebral salt wasting can have impor- 
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tant clinical consequences. In sub- 
arachnoid hemorrhage, where salt 





wasting occurs in many patients, | 


inappropriate therapy with fluid 
restriction can be harmful.” Although 
SIADH occurs more frequently in 
other CNS diseases, careful sodium 
balance studies demonstrate that 
there are patients who develop hypo- 
natremia due to salt wasting. Based 
on routine laboratory evaluation, 
these patients may initially appear to 
have SIADH. Therefore, careful clini- 
cal and laboratory assessment of 
intravascular volume and sodium. 
excretion should be undertaken to 
complete the evaluation of hypona- 
tremia. If the diagnosis is unclear, and 
there is no contraindication, we then 
recommend a trial of fluid restriction. 
Persistent natriuresis and further 
decrease in serum sodium and intra- 


vascular volume confirm that the 


cause is salt wasting. Treatment 
should then be directed toward fluid 
and sodium replacement. Long-term 
treatment with oral sodium chloride 
tablets and/or fludrocortisone may be 
helpful. 
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There is only one organization dedicated 
solely to fighting amyotrophic lateral 
sclerosis. The ALS Association. 


Its Four Missions: 


Research 
to fund state-of-the-art, innovative 
ALS research 


Patient Services 
to help ALS patients, their families 
and caregivers 


Information 


to'serve as the national ALS information 
center 

Education 

to stimulate public support through 

ALS education 


Together we will 
find the answer. 


The ALS Association 

21021 Ventura Blvd., Suite 321 
Woodland Hills, CA 91364 
818/340-7500 
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proved competence in OR support. 
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ply immediately their amplified skills in the operating room to do 
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+ Procedural times refer to the actual time of running the instrument. 
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any special procedure they may envision. Plastic, Craniofacial, Max- 
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wishes of the surgeons. 
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“Once iri a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 pm in 
diameter, form in abundance—an exceedingly rare event: 
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Oral: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) and complex partial 
(psychomotor, temporal lobe) seizures and prevention and treatment of seizures occurring during or following 
neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage and 
Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

Parenteral: Because of its effect on ventricular automaticity, phenytoin is contraindicated in sinus bradycardia, 
sino-atrial block, second and third degree A-V block, and patients with Adams-Stokes syndrome. 
WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per minute in adults. 
In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular conduction depression 
and ventricular fibrillation. Severe complications are most commonly encountered in elderly or gravely ill patients. 
Phenytoin should be used with caution in patients with hypotension and severe myocardial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous route. 

The intramuscular route is not recommended for the treatment of status epilepticus since blood levels of 
phenytoin in the therapeutic range cannot be readily achieved with doses and methods of administration ordinarily 
employed. 

Oral: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. When, in the 
judgment of the clinician, the need for dosage reduction, discontinuation, or substitution of alternative antiepileptic 
medication arises, this should be done gradually. However, in the event of an allergic or hypersensitivity reaction, 
rapid substitution of alternative therapy may be necessary. In this case, alternative therapy should be an 
antiepileptic drug not belonging to the hydantoin chemical class. 

Parenteral and Oral: There have been a number of reports suggesting a relationship between phenytoin and 
the development of lymphadenopathy (loca! or generalized) including benign lymph node hyperplasia, 
pseudolymphoma, lymphoma, and Hodgkin's Disease. Although 
a cause and effect relationship has not been established, the 
occurrence of lymphadenopathy indicates the need to 
differentiate such a condition from other types of lymph node 
pathology. Lymph node involvement may occur with or without 
symptoms and signs resembling serum sickness eg, fever, rash 
and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an 
extended period is indicated and every effort should be made to 
-achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum 
levels while chronic alcoholic use may decrease serum levels. 
Usage in Pregnancy: Parenteral and Oral: A number of reports 
suggests an association between the use of antiepileptic drugs by women with epilepsy and a higher incidence 
of birth defects in children born to these women. Data are more extensive with respect to phenytoin and 
phenobarbital, but these are also the most commonly prescribed antiepileptic drugs; less systematic or anecdotal 
reports suggest a possible similar association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women cannot be 
regarded as adequate to prove a definite cause and effect relationship. There are intrinsic methodologic problems 
in obtaining adequate data on drug teratogenicity in humans; genetic factors or the epileptic condition itself may be 
more important than drug therapy in leading to birth defects. The great majority of mothers on antiepileptic medication 
deliver normal infants. It is important to note that antiepileptic drugs should not be discontinued in patients in whom 
the drug is administered to prevent major seizures, because of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or fetus. The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate and heart mal- 
formations in children of women receiving phenytoin and other antiepileptic drugs, there have more recently been 
reports of a fetal hydantoin syndrome. This consists of prenatal growth deficiency, microcephaly and mental deficiency 
in children born to mothers who have received phenytoin, barbiturates, alcohol, or trimethadione. However, these 
features are all interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers received 
phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because of altered 
phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is particularly valuable 
in the management of a pregnant epileptic patient as a guide to an appropriate adjustment of dosage. However, 
postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic mothers 
receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct this defect and has 
been recommended to be given to the mother before delivery and to the neonate after birth. 

PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infusion is not recommended 
due to lack of solubility and resultant precipitation. 

Parenteral Dilantin should be injected slowly (not exceeding 50 mg per minute in adults), directly into a large 
vein through a large-gauge needle or intravenous catheter. Each injection of intravenous Dilantin should be followed 
by an injection of sterile saline through the same needle or intravenous catheter to avoid local venous irritation 
due to the alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without extravasation of 
intravenous phenytoin. Soft tissue irritation may vary from slight tenderness to extensive necrosis, sloughing, 
and in rare instances has led to amputation. Improper administration including subcutaneous or perivascular 
injection should be avoided to help prevent possibility of the above. 

Oral: Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 
interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the chief site of biotransformation of phenytoin; patients with impaired liver 
function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin have been shown to metabolize the 
drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it appears to be 
genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens-Johnson 
syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed and alternative 
therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type (measles-like or 
scarlatiniform), therapy may be resumed after the rash has completely disappeared. If the rash recurs upon 
reinstitution of therapy, further phenytoin medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. Phenytoin 
may also raise the serum glucose level in diabetic patients. 
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Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate diagnostic 
procedures should be performed as indicated. 

Phenytoin i is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence (petit mal) 
seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred to as 
‘delirium, “psychosis,” or “encephalopathy” or rarely irreversible cerebellar dysfunction. Accordingly, at the first 
sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy is indicated if plasma 
levels are excessive; if symptoms persist, termination is recommended. (See Warnings) 

Information for Patients: Ora/: Patients taking phenytoin should be advised of the importance of adhering strictly 
to the prescribed dosage regimen, and of informing the physician of any clinical condition in which it is not possible 
to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking the 
physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development of gingival 
hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Parenteral and Oral: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: Parenteral and Oral: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed below: 1. Drugs which 
may increase phenytoin serum levels include: chloramphenicol, dicumarol, disulfiram, tolbutamide, isoniazid, 
phenylbutazone, acute alcohol intake, salicylates, chlordiazepoxide, phenothiazines, diazepam, estrogens, 
ethosuximide, halothane, methylphenidate, sulfonamides, cimetidine, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, reserpine. 
Moban® brand of Molindone Hydrochloride contains calcium ions which interfere with the absorption of phenytoin. 
Ingestion times of phenytoin and antacid preparations containing calcium should be staggered in patients with 
low serum phenytoin levels to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, valproic acid, 
and sodium valproate. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium valproate 
serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible patients 
and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, oral 
contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, estrogens, furosemide. 

Serum level determinations are especially helpful when possible drug interactions are suspected. 
Drug/Laboratory Test Interactions: Parenteral and Oral: 
Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may cause 
increased serum levels of glucose, alkaline phosphatase, and 
gamma glutamy! transpeptidase (GGT). 

Carcinogenesis: Parenteral and Oral: See ‘Warnings’ section for 
information on carcinogenesis. 

Pregnancy: Parenteral and Oral: See Warnings 

Nursing Mothers: Parenteral and Oral: Infant breast-feeding is 
not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Parenteral: The most notable signs of 
toxicity associated with the intravenous use of this drug are cardiovascular collapse and/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intravenous route. The rate 
of administration is very important; it should not exceed 50 mg per minute in adults, and 1-3 mg/kg/min in 
neonates. At this rate, toxicity should be minimized. 

Cardiovascular: Parenteral: Severe cardiotoxic reactions and fatalities have been reported with atrial and 
ventricular conduction depression and ventricular fibrillation. Severe complications are most commonly 
encountered in elderly or gravely ill patients. 

Injection Site: Parenteral: Local irritation, inflammation, tenderness, necrosis, and sloughing have been reported 
with or without extravasation of intravenous phenytoin. 

Central Nervous System: Parenteral and Oral: The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nystagmus, ataxia, slurredspeech, - 
decreased coordination and mental confusion. Dizziness, insomnia, transient nervousness, motor twitchings, 
and headaches have also been observed. There have also been rare reports of phenytoin induced dyskinesias, 
including chorea, dystonia, tremor and asterixis, similar to those induced by phenothiazine and other neuroleptic 
drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long-term 
phenytoin therapy. 

Gastrointestinal System: Parenteral and Oral: Nausea, vomiting, and constipation. 

integumentary System: Parenteral and Oral: Dermatological manifestations sometimes accompanied by fever 
have included scarlatiniform or morbilliform rashes. A morbilliform rash (measies-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included bullous, 
exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis (see Precautions). 

Hemopoietic System: Parenteral and Oral: Hemopoietic complications, some fatal, have occasionally been 
reported in association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megaloblastic anemia have occurred, these conditions usually respond to folic acid therapy. 
Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's 
Disease have been reported (see Warnings). 

Connective Tissue System: Parenteral and Oral: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Other: Parenteral and Oral: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur. 

OVERDOSAGE: Parenteral and Oral: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypertensive. Death 
is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity may 
occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 mcg/mL, dysarthria and lethargy 
appear when the plasma concentration is over 40 mcg/mL, but as high a concentration as 50 mcg/mL has been 
reported without evidence of toxicity. As much as 25 times the therapeutic dose has been taken to result in a serum 
concentration over 100 mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
supportive measures employed. Hemodialysis can be considered since phenytoin is not completely bound to 
plasma proteins. Total exchange transfusion has been used in the treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne in mind. 
Caution — Federal law prohibits dispensing without prescription. 
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*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 
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CAFERGOT” CAFERGOT” P-B 


(ergotamine tartrate and caffeine) tablets, USP TABLETS AND SUPPOSITORIES 
(ergotamine tartrate and caffeine) suppositories, USP 


DESCRIPTION 

CAFERGOT® — 

Tablet: 

DEN CEN ISON. e wrninie pings eo h Uae APE E EER T Y es CE esse ace e PE 1 mg 
IN a Ln ots inc E E NE E 4acdle E E E Ponda baie ata teas cota dhe wa oben 100 mg 


Suppository: 
eT OU, ARSE Ss 5 sis eas SE 4 pi gs hc Race dis cpnoGe he e¥i cbewebeaTeeds.ccvscvtausbaccas est 2 mg 
OL Site E E E E E E E A E E T a A .. 100 mg 


Inactive Ingredients: tartaric acid, NF, and cocoa butter, NF 
CAFERGOT® P-B — 


Tablet: 

Eee ert Treaty) eet Cee eae E ee ae 1mg 
Dno AT Bis Shinde EPRE E E ba acah awed a MeN E E vakcace of 100 mg 
Bellafoline® (levorotatory alkaloids of belladonna) .... 2.22.0... ccc ccc cc ccccuccccecccccucucs 0.125 mg 
pentobarbital sodium, USP eee ae GG" P E slater AAA E T EAE TE E Aas ts klk hain Sia 30 mg 


Suppository: 

a E L Gia citar. d hs ele PORET? 0 5 56 Grd damian Wn cuca sents dew tear oredr ee 2 mg 
TSIT P a ATE S EE T, SM en nA EA 100 mg 
Bellafoline® (levorotatory alkaloids of belladonna) .........0.... 000 cece cc ccuceucucucuuceteneucs 0.25 mg 
IEEE 5', VANE, cS. o sh a ds nies eiWlind ibe eee N bus O wees 60 mg 


Cafergot Suppositories and Cafergot P-B Suppositories are sealed in foil to afford protection from cocoa 
butter leakage. If an unavoidable period of exposure to heat softens the suppository, it should be chilled 
in ice-cold water to solidify it before removing the foil. 


ACTIONS: Ergotamine is an alpha adrenergic blocking agent with a direct stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and produces depression of central vasomotor centers. 
The compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
the adrenergic blocking actions are less pronounced and vasoconstrictive actions are greater. 

Caffeine, also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
the necessity of increasing ergotamine dosage. 

For individuals experiencing excessive nausea and vomiting during migraine attacks the further addition 
of the anticholinergic and antiemetic alkaloids of belladonna and pentobarbital for reduction of nervous 
tension has been provided. 

Many migraine patients experience excessive nausea and vomiting during attacks, making it impossible 
for them to retain any oral medication. In such cases, therefore, the only practical means of medication 
is through the rectal route where medication may reach the cranial vessels directly, evading the splanchnic 
vasculature and the liver. 


INDICATIONS 
Cafergot 

Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so- 
called “histaminic cephalaigia” 
Cafergot P-B 

Indicated as therapy to abort or prevent vascular headache complicated by tension and gastrointestinal 
disturbances. 


CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis and pregnancy. 
Hypersensitivity to any of the components. 


PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of the orally or rectally administered drugs, care should be exercised to remain within the limits of 
recommended dosage. 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and symptoms of peripheral 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular smooth muscle. 
In chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
pomp aa pallor of the digits may occur. If the condition is allowed to progress untreated, gangrene 
can result. 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent hypersensitivity. There are few reports of ergotism among patients taking 
doses within the recommended limits or for brief periods of time. In rare instances, patients, particularly 
those who have used the medication indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot® (ergotamine 
tartrate and caffeine) therapy. Due to the chronicity of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


ADVERSE REACTIONS: Vasoconstrictive complications, at times of a serious nature, may occur. These include 
pulselessness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
pan. Although these effects occur most commonly with long-term therapy at relatively high doses, they 
ave also been reported with short-term or normal doses. Other adverse effects include transient tachycardia 
or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness may occur with Cafergot® P-B. 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack— 


PRODROMAL PHASE| PAIN PHASE 


2 tablets at start of attack; | additional tablet 
every ‘4 hour, if needed for full relief 


| % hr |’ hr. | % hr ig hr 
| suppository at start of attack, second sup- 
pository after | hour, if needed for full rehef 
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Early Administration Gives Maximum Effectiveness 


MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets. 
Rectally: Two suppositories is the maximum dose for an individual attack. 


Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
In carefully selected patients, with due consideration of maximum dosage recommendations, administration 
of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of Cafergot (ergotamine tartrate and caffeine) 
are due primarily to the ergotamine component. The amount of caffeine is such that its toxic effects will 
be overshadowed by those of ergotamine. Symptoms include vomiting, numbness, tingling, pain and cyanosis 
of the extremities associated with diminished or absent perhers pulses; hypertension or hypotension; 
drowsiness, stupor, coma, convulsions and shock. A case has been reported of reversible bilateral papillitis 
gh ring scotomata in a patient who received five times the recommended daily adult dose over a period 
of 14 days. 

Treairhert consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. 
Maintenance of adequate eb ventilation, correction of aypmeneson, and control of convulsions are 
important considerations. Treatment of peripheral vasospasm should consist of warmth, but not heat, and 
protection of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised 
to avoid aggravating an already existent hypotension. 


HOW SUPPLIED 

Cafergot Tablets: shell pink colored, sugar coated, imprinted “CAFERGOT" on one side, ” SB: other 
side. Bottles of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets 
in individual blisters. 

oped po igoenere sealed in fuchsia-colored aluminum foil, imprinted “ .5,CAFERGOT® 
SUPPOSITORY 78-33 SANDOZ”. Boxes of 12. 

Catergot P-B Tablets: bright green, sugar coated, imprinted "78-36" on one side, “ A " other side. Bottles 
of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 tablets in individual 
blisters. 

Cafergot P-B Suppositories: sealed in blue aluminum foil, imprinted “ S, CAFERGOT P-B SUPPOSITORY 
78-35 SANDOZ”. Boxes of 12. 


[CAF-Z24 MAY 15, 1987] 
© 1989 Sandoz Pharmaceuticals Corporation 


“The technological advantage of the Midas 
Rex instrumentation provided the capability 
to safely perform a complex spinal osteo- 
tomy in a simplistic, gentle manner with a 
tremendous saving of time. The ability to 
remove the entire fused spine in a safe and 
efficient manner with the S-1 dissecting 
tool and S footed attachment, would not 
have been possible with other types of 
instrumentation.” — T.B., M.D. 


Midas Rex Pneumatic Tools, Inc. 
3001 Race Street © Fort Worth, Texas 76111 
800-433-7080 © (Texas) 817-831-4181 





EES Ce ammography 
Uidelines 
Women with No Symptoms 
Age: | 
35-39 Baseine 
30-45 Every 1-2 years 
50 &up Every year | 


hat will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam- 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10. 

If you have questions about breast cancer detection for 
asymptomatic women, please contact us. 


Pats 


AMERICAN Prolessional Education Dept m American 1891 Preston White Dr 
CANCER National Headquarters oe College of Reston, Virginia 22091 
SOCIETY ` 90 Park Avenue Radiolo (703) 648-8900 

New York, New York 10016 gy 

or your local society 





Calendar 


CALENDAR OF MEETINGS 


1989 

Sept 20-22 “Advances in Hyperalimentation: A Practical Approach,” Boston, Mass, sponsored by The New 
England Deaconess Hospital, Boston, in conjunction with the Harvard Medical School Department 
of Continuing Medical Education, Boston. Contact Harvard Medical School, 641 Huntington Ave, 
Boston, MA 02115; (617) 732-1528. 

23-27 Third Annual Conference on the Foundations of Behavioral Neurology, Wenner Gren Center, 
Stockholm, Sweden. Contact Ann McCormick, Program Director, Southern California Neuropsychi- 
atric Institute, 6794 La Jolla Blvd, La Jolla, CA 92037; (619) 454-2102. 

24 “Symposia on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease and Hyperkinetic 
Movement Disorders,” New Orleans, La; platform presentations are being solicited. For Symposium 
on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease, contact Dr J. William Langston, 
California Parkinson Institute, 2444 Moorpark, Suite 316, San Jose, CA 94128; for Symposium on 
Hyperkinetics Movement Disorders, contact Dr Anthony Lang, Division of Neurology, Toronto 
Western Hospital, 25 Leonard Ave, Suite 101, Toronto, Ontario, Canada M5T 2R2. 

24-27 114th Annual Meeting, American Neurological Association, New Orleans (La) Sheraton Hotel. Con- 
tact Executive Director, American Neurological Association, 2221 University Ave SE, Suite 350, 
Minneapolis, MN 55414; (612) 378-3290. 

27-Oct 1 Annual Meeting, American Academy of Neurological Surgery, Loew’s Ventana Canyon Resort, 
Tucson, Ariz. Contact Nicholas T. Zervas, MD, Secretary, Massachusetts General Hospital, Bos- 
ton, MA 02114. 

Oct 2-5 Second Annual International Course on Magnetic Resonance Imaging, Riyadh, Saudi Arabia. Con- 
tact Department of Medical Studies, Armed Forces Hospital, PO Box 7897, Riyadh 11159, Saudi 
Arabia. 

4-6 Braintree Hospital 10th Annual Traumatic Head Injury Conference, Sheraton Tara Hotel, Braintree, 
Mass. Contact Braintree Hospital, Public Relations Department, 250 Pond St, Braintree, MA 02184; 
(617) 848-5353, extension 2300. 

8-13 Ninth International Congress of Neurological Surgery, New Delhi, India; approved for Category 1 
credit by the American Academy of Neurological Sciences and the Congress of Neurological Sur- 
geons. Contact Dr A. K. Banerji, Organizing Secretary, PB No. 4543, New Delhi 110-016, India. 

11-12 “Vernon B. Mountcastle Symposium-Neuroscience: Integrative Functions,” The Johns Hopkins 
Medical Institutions, Baltimore, Md. Contact Office of Continuing Education, The Johns Hopkins 
Medical Institutions, Turner Building, 720 Rutland Ave, Baltimore, MD 21205-2195; (301) 


955-2959. 

12-14 Second Milan (Italy) International Symposium on Sleep. Contact Professor Salvatore Smirne, Cen- 
tro del Sonno, HS Raffaele, via Olgettina, 60, 20132 Milan, Italy. 

13-19 Eighth World Congress of Psychiatry, Athens. Contact Congress Secretariat, 4 Eginitou St, GR-115, 
28 Athens, Greece; 7223 670. 

14-18 Fourth International Headache Congress, Sydney, Australia. Contact Mrs Eleanor Loveridge, PO 


Box 925, Crows Nest, New South Wales, 2065, Australia; 612 439 6185; facsimile, 612 436 3730; 
Telex, AA23023. 

17-22 The 18th International Epilepsy Congress, Taj Palace Hotel, New Delhi, India. Contact Professor 
M. C. Maheshwari, Secretary-General, 18th International Epilepsy Congress, Department of Neu- 
rology, Neurosciences Centre, All India Institute of Medical Sciences, New Delhi- 110029, India. 

21-22 International Merritt-Putnam Symposium. Taj Palace Hotel, New Delhi, India. Contact Ruben Guti- 
errez or Marilyn Abel, IntraMed Communications, 1180 Avenue of the Americas, New York, NY 
10036; (212) 827-6580. 

26-28 Seventh Annual Advanced Neuroradiology Seminar, Hyatt Regency Grand Cypress Hotel, Orlan- 
do, Fla. Contact Agnes Bridges, Radiological Services, The Tampa General Hospital, PO Box 1289, 
Tampa, FL 33601; (813) 251-7778. 

Nov 1 ‘Pediatric Neurology Update,” Bunts Auditorium, The Cleveland (Ohio) Clinic. Contact The Cleve- 
land Clinic Educational Foundation, Department of Continuing Education, 9500 Euclid Ave, TT31, 
Cleveland, OH 44195-5241; 800-762-8172 (Ohio), 800-762-8173 (outside Ohio). 


2-4 German Research Group on Aphasia, Cologne, West Germany. Contact Professor J. N. Petrovici, 
Department of Neurology, Merheim-Hospital, 200 Ostmerheimer Str, D-5000 Cologne 91, West 
Germany. 

2-4 ‘Clinical Neuroimmunology VI: The State of the Art.” The Knickerbocker Hotel, Chicago, Ill. Con- 


tact The University of Chicago, Center for Continuing Medical Education, 5841 S Maryland Ave, Box 
139, Chicago, IL 60637; (312) 702-1056. 

6-10 Second International Conference on Alzheimer’s and Parkinson’s Diseases, Kyoto, Japan. Contact 
Professor Toshiharu Nagatsu, Department of Biochemistry, Nagoya University School of Medicine, 
Showa-Ku, Nagoya 466, Japan. 

17-18 “Frontal Lobe Functioning and Recovery From Injury,” Galveston, Tex. Contact Division of Neuro- 
surgery, The University of Texas Medical Branch, Galveston, TX 77550; (409) 761-2125. 
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Books 


Cerebrospinal Fluid and the Brain Edemas, by 
Thomas H. Milhorat, 168 pp, $45, New York, NY: 
Neuroscience Society of New York; 1987. 


Based on his long-standing clinical 
and research interests in cerebrospi- 
nal fluid, Dr Milhorat has written this 
monograph to emphasize the lymphat- 
iclike arrangement of cerebrospinal 
fluid’s pathways. 

Some 63 years ago in his address en- 
titled “The Third Circulation and Its 
Channels,” Harvey Cushing asked the 
following question: “Are there lymph 
channels in the brain, and, if not, how 
does the central nervous system dis- 
pose of its products of tissue waste?” 
At that time, it appeared that there 
was no interstitial space within the 
central nervous system, so that cere- 
brospinal fluid was thought to be con- 
fined to the subarachnoid space and 
ventricles. Electron microscopic find- 
ings have only recently established 
that there is a space between the 
brain’s cells and their processes, 
amounting to some 10% to 15% of its 
volume. This completes the anatomic 
circle, allowing fluid to move from the 
vascular system through this well-es- 
tablished extracellular space, the ven- 
tricles, and the subarachnoid space 
and to return to the blood stream. 

Beginning with the history of the 
work of the pioneers in this field, the 
author carries forward, in a very log- 
ical fashion, a discussion of what is 
now the current understanding of the 
circulation of cerebrospinal fluid based 
on a meticulous review of the research 
that has led to that knowledge. Despite 
its thoroughness, this review is not ex- 
haustive. The function of cerebrospi- 
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nal fluid as a means of metabolic trans- 
port is touched on briefly in the text, 
but the chief emphasis of the book is, 
again, on the transport of cerebrospi- 
nal fluid as akin to that of lymph fluid 
elsewhere in the body. Just as blockage 
of lymph flow can produce edema in the 
other viscera or in the limbs, Dr Mil- 
horat shows how the various types of 
cerebral edema or hydrocephalus can 
be explained on the basis of derange- 
ment of the orderly production and 
movement of cerebrospinal fluid in the 
brain and its ventricles or within the 
subarachnoid space. He relates this to 
pathologically induced changes in the 
cerebral and spinal vasculature, as 
well as to blockage of the ventricles, 
the interstitial fluid space, or the sub- 
arachnoid space surrounding the cen- 
tral nervous system. The explanation 
is clear, although it is obvious that, 
frequently, various types of edema co- 
exist. Often their causes are many ina 
single patient if not in the experimen- 
tal animal. The book is a valuable 
introduction to the basic anatomy and 
physiology of what is a complex clini- 
cal problem, the understanding and 
management of alterations in cere- 
brospinal fluid circulation. The text is 
well written. The illustrations, espe- 
cially the diagrams, are very useful, 
and the bibliography is extensive and 
up to date, including many references 
to articles published in 1987. 

One now looks forward to a compan- 
ion volume to answer the second part 
of Cushing’s question, “how does the 
central nervous system dispose of its 
products of tissue waste?” The re- 
search being done on that problem to- 


day in the clinic and laboratory will 
surely lead to significant advances in 
the pharmacotherapy of the brain and 
spinal cord. 


JOSEPH MCDONALD, MD 
Rochester, NY 


Ocular Differential Diagnosis, 4th ed, by Freder- 
ick Hampton Roy, 710 pp, with illus, $49.50, Phil- 
adelphia, Pa: Lea & Febiger; 1989. 

This is the fourth revision of a ref- 
erence well known to the ophthalmic 
community. Ocular Differential Diag- 
nosis is an exhaustive collection of dif- 
ferential-diagnoses that encompasses 
the full spectrum of ophthalmic and 
neuro-ophthalmic disease. It is orga- 
nized chiefly by regional anatomy, ie, 
orbit, extra-ocular muscles, pupil, and 
retina. For example, fourth-nerve 
palsy is followed by a list of 50 possi- 
ble causes, a 12-part reference list, and 
a “diagnostic decision table” that 
ranks the likelihood of a particular 
cause against the specific findings of 
history, examination, and laboratory 
data. A smaller section describes the 
differential diagnosis of general visual 
signs or symptoms. A comprehensive 
index provides another means of find- 
ing your way through this edition. 

The fourth edition of Ocular Differ- 
ential Diagnosis is a further improve- 
ment of an already comprehensive and 
widely used reference. The beginner 
would better obtain his overview of 
ocular differential diagnosis from a 
simpler text, but, for the experienced 
practitioner, this book remains a rich 


source of diagnostic possibilities. 


DAVID N. SMITH, MD 
Rochester, NY 


Books 














Persantine 


(di | (dipyrid amole) Tablets : 25, © and © mg 


Brief Summary of Prescribing Information 
CONTRAINDICATIONS None known. 


PRECAUTIONS General Persantine® (dipyridamole 
USP) should be used with caution in patients with 
hypotension since it can produce peripheral 
vasodilation. 


Carcinogenesis, Mutagenesis, Impairment of 
Fertility In a 111 week oral study in mice and in a 
128-142 week oral study in rats, Persantine produced 
no significant carcinogenic effects at doses of 8, 25 
and 75 mg/kg (1, 3.1 and 9.4 times the maximum 
recommended daily human dose). Mutagenicity test- 
ing with Persantine was negative. Reproduction 
studies with Persantine revealed no evidence of 
impaired fertility in rats at dosages up to 60 times the 
maximum recommended human dose. A significant 
reduction in number of corpora lutea with consequent 
reduction in implantations and live fetuses was, 
however, observed at 155 times the maximum recom- 
mended human dose. 


Teratogenic Effects PREGNANCY CATEGORY B 
Reproduction studies have been performed in mice 
and rats at doses up to 125 mg/kg (15.6 times the 
maximum recommended daily human dose) and 
rabbits at doses up to 20 mg/kg and have revealed 
no evidence of harm to the fetus due to Persantine. 
There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal repro- 
duction studies are not always predictive of human 
response, this drug should be used during pregnancy 
only if clearly needed. 


Nursing Mothers As dipyridamole is excreted in 
human milk, caution should be exercised when 
Persantine is administered to a nursing woman. 


Pediatric Use Safety and effectiveness in children 
below the age of 12 years has not been established. 


ADVERSE REACTIONS Adverse reactions at 
therapeutic doses are usua:ly minimal and transient. 
On long-term use of Persantine® (dipyridamole USP) 
initial side effects usually disappear. The following 
reactions were reported in two heart valve replace- 
ment trials comparing Persantine and warfarin therapy 
to either warfarin alone or warfarin and placebo: 


Persantine/ Placebo/ 
Warfarin Warfarin 
(N = 147) (N = 170) 
Dizziness 13.6% 8.2% 
Abdominal 
distress 6.1% 3.5% 
Headache 2.3% 0.0 
Rash 2.3% 1.1% 


Other reactions from uncontrolled studies include 
diarrhea, vomiting, flushing and pruritus. In addition, 
angina pectoris has been reported rarely. On those 
uncommon occasions when adverse reactions have 
been persistent or intolerable, they have ceased on 
withdrawal of the medication. 


When Persantine was administered concomitantly 
with warfarin, bleeding was no greater in frequency or 
severity than that observed when warfarin was admin- 
istered alone. 


HOW SUPPLIED Persantine® (dipyridamole USP) is 
available as round, orange, sugar-coated tablets of 25 
mg, 50 mg and 75 mg in the following package sizes: 


25 and 50 mg Tablets: Bottles of 100 and 1000, unit 
dose of 100. 


75 mg Tablets: Bottles of 100 and 500, unit dose of 
100. 


Consult package insert before prescribing. 


PE-4282 PE-BPI-6/88 


Pharmaceuticals, Inc. 


® Boehringer Boehringer Ingelheim 
A Ingelheim Ridgefield, CT 06877 





We target 
the physician 
you want! 


The AMA now offers a marketplace of opportunities in your own 
specialty journal. Starting in September, AJDC and all Archives 
journals will feature a new “Classified Advertising” section. You can 
put your message in the hands of every specialistin your target market, 
every month, with one or more AMA journals. 


The affordable “Classified 
Advertising” section in each 
journal offers a highly visible 
concentration of wide-ranging | aaa SS 

physician opportunities SSS SSS Se 
within each specialty. =: 
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Take your choice, 
but make that choice 
an AMA specialty 
journal for physician 
recruiting. The 
reason: We target the 
physician you want 
to reach. 
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AMA SPECIALTY JOURNALS 


The Media of Choice 


American Journal of Diseases of Children 
Archives of Dermatology 
Archives of General Psychiatry Archives of Internal Medicine 
Archives of Neurology Archives of Ophthalmology 
Archives of Otolaryngology Archives of Surgery 
Archives of Pathology& Laboratory Medicine 


Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal letter 
signed by all authors must accompany this (see “Instructions for Authors’). 


Toxic and Pet Exposures in 
Amyotrophic Lateral Sclerosis 


Amyotrophic lateral sclerosis (ALS) 
has recently received public attention 
from reports of apparent clusters of 
cases. The best known (and studied) of 
these clusters or foci of ALS is on 
Guam. The lay press has recently em- 
phasized the cluster of three profes- 
sional “49-er” footballers associated 
with use on the practice field of a fer- 
tilizer, Milorganite, known to contain 
toxic elements such as cadmium and 
mercury (C. Petit. San Francisco 
Chronicle, April 13, 1989). To aid in as- 
sessing the possibility of that exposure 
in the etiology of ALS, we surveyed the 
patients currently in our San Fran- 
cisco, Calif, ALS Clinic. 


Toxic and Pet Exposures in Patients 
With Amyotrophic Lateral Sclerosis (ALS) 
Compared With Control Subjects 


ALS Controls 


No. of reports 
Milorganite 
Known exposure 
Do not know 
No exposure 
Lead or mercury 
Known exposure 
Do not know 
No exposure 
Other toxins * 
Known exposure 
Do not know 
No exposure 
Kept household pets, y 
Dogs 
0-5 before ALS 
6-10 
11-15 
16-20 
Cats 
0-5 before ALS 
6-10 
11-15 
16-20 
Birds 
0-5 before ALS 
6-10 
11-15 
16-20 
Miscellaneous pets 
(total, 20)t 


* Includes malathion, DDT, and chlordane. 
tincludes 1 pony, 10 rodents, 1 fish, and 2 turtles. 
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We also included a questionnaire 
about pets, because Schenkman et al! 
found that patients with ALS had 
been exposed to more household pets 
than the control subjects, although 
Mulder et al did not confirm that 
finding. Neither survey was population 
based. 

Our patients were asked about ex- 
posure to Milorganite and other 
toxins’ prior to the appearance of 
ALS symptoms. They were also 
asked to provide a response by a 
friend or neighbor matched for age 
and sex, who had shared life-style or 
occupation during at least 5 years 
before the onset of ALS. The pa- 
tients and control subjects were also 
asked about their house pets during 
the 20 years before the onset of 
ALS. 

Excluding responses from non-ALS 
motor neuron patients, incomplete re- 
sponses, and those lacking a matched 
control resulted in 54 patients with 
ALS and 54 control subjects in our 
population-based survey (Table). 
Milorganite exposure seemed equal in 
the two groups, as was heavy metal 
and other toxic exposures. The house- 
hold pet reports similarly revealed 
overall no excess in ALS compared 
with controls (Table). We recommend 
to current patients that they keep 
their pets and not worry about use of 
the fertilizer. 

ForBES H. Norris, MD 
LORNA A. PADIA 
Amyotrophic Lateral 
Sclerosis Center 
Pacific Presbyterian 


Medical Center 
San Francisco, CA 94115 


This study was supported in part by the Amy- 
otrophic Lateral Sclerosis and Neuromuscular 
Research Foundation, San Francisco, Calif. 
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Magnesium Sulfate and Eclampsia 


To the Editor.—As a neurologist who, 
throughout his career, has written and 
lectured about the use of magnesium 
sulfate for eclamptic convulsions, I 
have voted early and often against the 
use of magnesium sulfate.'* What I 
have learned is that no one likes to 
hear that what has been considered to 
be gospel for 60 years should go the 
way of bloodletting,’ and the obstetri- 
cians control access to toxemic pa- 
tients. American physicians should 
know that obstetricians in much of the 
world, including Scandinavia, the 
United Kingdom, and Australia, 
rarely use magnesium sulfate for 
eclampsia.” 

Neurology shares by inaction the 
blame for the continued use of magne- 
sium sulfate in the United States. Ob- 
stetrical and neurological societies do 
not send representatives to one an- 
other. Descriptions of eclampsia in 
neurology textbooks went out with the 
turn of the century. How many neu- 
rologists have ever heard a discussion 
of the neuropathology, pathogenesis, 
and treatment of the cerebral mani- 
festations of eclampsia? The editor of 
the ARCHIVES is to be congratulated for 
calling attention to this controversial 
subject in the December 1988 issue. 

The time is nigh for obstetricians 
and neurologists to work together to 
develop a modern approach to the pre- 
vention and treatment of the cerebral 
manifestations of the toxemia of preg- 
nancy. The National Institutes of 
Health, Bethesda, Md, should instigate 
this process with a conference, and 
then invest scarce dollars into projects 
that most certainly would lower ma- 


ternal mortality. 
J. O. DONALDSON, MD 
Department of Neurology 


University of Connecticut 
School of Medicine 
Farmington, CT 06032 
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Migraineur, or Migraineuse? 


To the Editor.—In the letter “Mi- 
graineur, or Migraineuse?” and its an- 
swer, in the November 1988 issue of the 
ARCHIVES,' Drs Jonas and Leviton dis- 
cussed whether migraineur or mi- 
graineuse must be used when referring 
to all of the migraine population, 
which contains a majority of women. 

We do not agree with Dr Jonas’ use 
of the French language. He cannot use 
migraineuse in all migraine groups; 
this word can exclusively be used in 
groups entirely free of men... asin Dr 
Leviton’s study. The masculine gender 
is required every time that at least one 
man is present in a group, whatever 
the number of women. Moreover, mi- 
graineur is not a French word. We use 
migraineux for a man or for a group, 
and migraineuse(s) for a woman or for 
a group of women. Contrary to Dr 
Leviton’s opinion migraineuse can be 
used as a noun as well as an adjective 
(Dictionnaire Larousse, three-volume 
set). Migraineur must be considered as 
an English word, and it requires being 
used in accordance with the rules of 
the English language. 

We thank Drs Jonas and Leviton for 
the opportunity to defend our use of 


the French language. 
DIDIER Leys, MD 
HENRI PETIT, MD 
Service de Neurologie 


Hôpital B. Université de Lille 
F 59037 Lille Cédex, France 


Basilar Artery Occlusion 


To the Editor.—We read with interest 
Fisher’s description of the “herald 
hemiparesis” of basilar artery 
occlusion.: We were reassured that his 
experience confirms our observations 
in three patients who progressed to the 
locked-in state after presenting with 
hemimotor and hemisensory symp- 
toms accompanied by marked 
dysarthria.’ Indeed, as we discussed, 
several earlier reports of patients who 
developed this condition due to basilar 
artery occlusion described a hemipare- 
sis and dysarthria as the presenting 
symptoms.** In addition, this constel- 
lation of findings has been reported to 
be present in two thirds (10/15) of a 
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sample of patients with brain-stem 
infarction whose condition subse- 
quently worsened.’ 

We agree that these patients may, at 
times, be difficult to distinguish from 
those with hemispheric lesions, and 
concur that heparin may be a useful 
treatment if this syndrome is recog- 
nized in a timely manner as the har- 
binger of a potentially grave outcome. 
Transcranial Doppler ultrasonogra- 
phy may be a helpful diagnostic aid for 
promptly and noninvasively identify- 
ing those patients with basilar artery 
disease. 

STANLEY TUHRIM, MD 
JESSE WEINBERGER, MD 


Department of Neurology 


Mount Sinai Medical Center 
New York, NY 10029 


1. Fisher CM. The ‘herald hemiparesis’ of basi- 
lar artery occlusion. Arch Neurol. 1988;12:1301- 
1303. 

2. Liu J, Tuhrim S, Weinberger J. Premonitory 
symptoms of stroke in evolution to the locked-in 
state. J Neurol Neurosurg Psychiatry. 1983; 
46:221-226. 

3. Kubik CS, Adams RD. Occlusion of the basi- 
lar artery—a clinical and pathological study. 
Brain. 1946;69:73-121. 

4. Dehaene I, Martin JJ. ‘Locked-in’ syndrome: 
a clinicopathological study of two cases. Eur 
Neurol. 1976;14:81-89. 

5. Cravioto H, Silberman J, Feigin I. A clinical 
and pathological study of akinetic mutism. Neu- 
rology. 1960;10:10-21. 

6. Hawkes CH. ‘Locked-in’ syndrome: report of 
seven cases. Br Med J. 1974;4:379-382. 

7. Fang HC, Palmer JJ. Vascular phenomena 
involving brainstem structures. Neurology. 1956: 
6:402-419. 

8. Nordgren RE, Markesby WR, Fukadi K, 
Reeves AG. Seven cases of cerebromedullospinal 
disconnection: the ‘locked-in’ syndrome. Neurol- 
ogy. 1971:21:1140-1148. 

9. Tuhrim S, Banks M, Price TR. A syndrome 
which predicts worsening in brainstem infarc- 
tion. Neurology. 1984;34(suppl 1):165. 


Corticotropin Is Superior to 
Corticosteroids in the 
Treatment of MS 


To the Editor.—I wish to add my 
strong concurrence to the excellent 
and important letter by Drs Davis and 
Stefoski in the November 1988 issue of 
the ARCHIVES.! 

It has also been my experience for 
the past 15 years or more, that corti- 
cotropin is indeed superior to corticos- 
teroids in the treatment of acute exac- 
erbations of multiple sclerosis. In fact, 
I have been using the “synthetic” cor- 
ticotropin, cosyntropin, intravenously 
in a regimen of 1.0 mg daily for 10 days. 
The advantage of this regimen is that 
it requires neither tapering nor post- 
treatment oral corticosteroids. My 
own experience with intravenous me- 
thylprednisolone has been that, while 
it is undeniable that a number of 
patients show a very rapid response, 


posttreatment oral corticosteroids are 
required; thus I am not convinced that 
the end results using just the oral cor- 
ticosteroids are not just as good as the 
intravenous pulses of methylpred- 
nisolone. 

It has been known for many years 
that corticotropin will produce rather 
dramatic results in the treatment of 
infantile spasms with hypsarrhyth- 
mia, and opsoclonus with neuroblas- 
toma in children, while corticosteroids 
have no effect. There is excellent evi- 
dence that corticotropin (as well as the 
24 amino acid fragment, which is co- 
syntropin) acts as a neurotransmitter 
as well as binding opioid receptors in 
the nervous system. The effect, there- 
fore, may be both on the immune sys- 
tem as well as more directly on certain 
central nervous system functions. 

In addition, cosyntropin produces 
remarkably few side effects compared 
with natural corticotropin, even in in- 
dividuals with diabetes types I or II, or 
with hypertension. The effect of this 
medication appears to be cumulative 
in that it is very unusual for the 
patient to show any response before 
receiving five or six treatments. The 
major drawback is that it needs to be 
administered intravenously, thus, in 
most instances, requiring hospitaliza- 
tion. In Europe, this drug, which is 
known as Synacthen, is also available 
as a slow-release intramuscular prep- 
aration known as Synacthen-Retard, 
which is not available in the United 
States (but it is available in Canada). 
The medication has been used with 
good results on the continent, in par- 
ticular, in France. 

Finally, it has been my experience in 
a number of cases that dramatic re- 
sponses have been obtained with in- 
travenous cosyntropin after a com- 
plete failure of treatment with either 
oral corticosteroids, intravenous or in- 
tramuscular corticotropin, or combi- 


nations of these treatments. 


CHARLES M. Poser, MD 
Neurological Unit 

Beth Israel Hospital 
330 Brookline Ave 
Boston, MA 02215 
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Primary Lateral Sclerosis 


To the Editor.—The article on “Pri- 
mary Lateral Sclerosis” by Younger et 
al,' in the December 1988 issue of the 
ARCHIVES, lists the following as part of 
the criteria: “Symptoms were re- 
stricted to progressive gait disorder 
without pain, paresthesias, sphincter 
symptoms, history of optic neuritis, 


Letters to the Editor 


TRS AT ce 


transverse myelitis or other neurolog- 
ical disorder.” However, in Merritt’s 
Textbook of Neurology, seventh edi- 
tion, edited by Dr Rowland (whose 
name is also on the article in the 
ARCHIVES), it states under primary 
lateral sclerosis, on page 552, “In con- 
trast to ALS, upper motor neuron blad- 
der dysfunction is common and poste- 
rior column loss may be seen.” The 
question is, which criterion is correct? 
JOHN L. BENDER, MD 
Neurological Clinic of 
Rockford 


2825 Glenwood Ave 
Rockford, IL 61103 
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Magnesium Sulfate in the 
Treatment of Eclampsia 


To the Editor.—I challenge the conclu- 
sion reached by Hachinski in his re- 
port entitled “Magnesium Sulfate in 
the Treatment of Eclampsia,”’ pub- 
lished in the December issue of the 
ARCHIVES! in the “Controversies in 
Neurology” section in the segment en- 
titled “Does Magnesium Sulfate Treat 
Eclamptic Seizures?” He states: “Until 
such time as we have a better grasp of 
the pathophysiology of eclampsia or 
more credible clinical results, the use 
of magnesium sulfate should be rele- 
gated to the laboratory, a clinical trial, 
or history.” 

Let us consider “a better grasp of the 
pathophysiology of eclampsia.” Easily 
stated but yet to be accomplished! For 
four decades I have been treating 
women with eclampsia while waiting 
for the time when “the pathophysiol- 
ogy of eclampsia” was finally delin- 
eated. Without the benefit of a clear 
understanding of the ‘“pathophysi- 
ology of eclampsia” I was obligated to 
manage cases of eclampsia (and even 
to advise others on how to do the 
same). The results are cited below. 
Parenthetically, eclampsia does not 
stand alone as an example of unsolved 
pathophysiology. There are other 
more common entities that not infre- 
quently commingle with eclampsia. 
Chronic essential hypertension (some- 
times posing as preeclampsia-eclamp- 
sia) is one example. “Idiopathic” epi- 
lepsy (sometimes posing as eclampsia) 
is another. At least we know how to 
cure eclampsia: Delivery! Once the 
chorionic villi are expelled, recovery is 
initiated. The most important ques- 
tion clinically is the following: “How 
~ best to manage the eclamptic mother 
and fetus until delivery, and, in turn, 
cure can be effected?” 

To label a plan of management for 
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eclampsia credible (plausible, reliable) 
requires that a plan of management be 
formulated, that it be applied as for- 
mulated, and that the outcomes be 
honestly analyzed. This has been done. 
We implemented a plan of manage- 
ment for eclampsia at Parkland Me- 
morial Hospital, Dallas, Tex, a public 
hospital with a large obstetric service, 
in 1955. The plan consisted of (1) mag- 
nesium sulfate administered parent- 
erally according to a specific dosage 
schedule to arrest convulsions and to 
prevent their recurrence; (2) hydrala- 
zine given intravenously as needed to 
lower the blood pressure toward nor- 
mal whenever it was elevated to 160/ 
110 mm Hg or higher; and (3) delivery 
by the vaginal route preferably, other- 
wise by cesarean section. Deliberately 
avoided was the use of agents that 
caused generalized central nervous 
system depression, including mor- 
phine sulfate, large doses of barbitu- 
rates and tranquilizers, as well as 
alkaloidal vasodepressants, diuretics, 
and hypertonic dextrose solution, all of 
which were in common use at that 
time. This protocol has now been used 
at Parkland Memorial Hospital in the 
management of nearly 300 cases of ec- 
lampsia. 

In 1967, we published our results for 
69 consecutive cases of eclampsia with- 
out a maternal death. In 1975, we pub- 
lished our results for 154 consecutive 
cases, and, in 1984, we published our 
cumulative experiences for 245 consec- 
utive cases.2 The reasons for repeated 
publication included the following: (1) 
to reemphasize (especially to nonob- 
stetricians) the availability of a rela- 
tively simple treatment protocol for 
eclampsia that has proven effective; (2) 
to reemphasize that a treatment pro- 
tocol need not be discarded simply be- 
cause it is no longer new; and (8) to 
provide data against which others 
wishing to evaluate other techniques 
can compare their results. 

Hachinski urges a controlled clinical 
trial. I would find it quite difficult try- 
ing to rationalize before our human 
research committee a proposal for an- 
other treatment regimen for eclamp- 
sia when this protocol has proven so 
satisfactory. I would have to empha- 
size that magnesium sulfate as we use 
it almost always stops convulsions 
promptly and prevents their recur- 
rence, even though it is claimed by 
some that it is not an anticonvulsant, 
presumably because the arrest of the 
convulsions and the prevention of 
their recurrence does not induce gen- 
eralized central nervous system de- 
pression in mother or fetus. 

Hachinski’s verdict apparently was 


based on his decision that Kaplan et 
al, in their statements immediately 
preceding those of Hachinski, had ar- 
gued convincingly that there are better 
methods for treating both the hyper- 
tension and the seizures commonly as- 
sociated with eclampsia, but none was 
offered. Kaplan and coworkers stated 
that both the neurologic and obstetric 
literature agree that there is minimal 
evidence showing an anticonvulsant 
effect of magnesium sulfate on the 
central nervous system. I am not fa- 
miliar with all the neurologic litera- 
ture concerning either eclampsia or 
magnesium sulfate use, but presum- 
ably it is not abundant. I have gone to 
the open reserve stocks in our bioin- 
formation center and reviewed the 
three current neurology textbooks dis- 
played there, and in none of the 
indexes was eclampsia listed as a pri- 
mary entry, nor was it listed under the 
heading of either “pregnancy” or “hy- 
pertension.” Magnesium sulfate was 
similarly absent. Quite recently, I did 
note a letter that appeared in the New 
England Journal of Medicine, in which 
the authors (nonobstetricians) would 
seem to have constructed an impres- 
sive case for at least trying magnesium 
sulfate therapeutically in some cases 
of cerebral ischemia and seizure.’ They 
speculated that systemically adminis- 
tered magnesium exerts a large part of 
its anticonvulsant effect by blocking 
the N-methyl-D-aspartate channel. 
They commented further: “In view of 
the evidence suggesting that magne- 
sium can reduce neurotoxicity, as well 
as that systemically applied magne- 
sium sulfate can block [N-methy]-D- 
aspartate] receptors in the brain, mag- 
nesium sulfate warrants consideration 
as a safe and potentially effective ther- 
apy in selected cases of cerebral is- 
chemia or seizures.” 

Kaplan and coworkers’ dwell at 
length on adverse effects from the use 
of magnesium sulfate. For example, 
they cite our last report that they 
interpret to demonstrate poor control 
of convulsions in 10 of 83 patients, de- 
spite magnesium sulfate therapy. Al- 
though it was clearly stated in our re- 
port, they ignored the fact that con- 
vulsions ceased as soon as 2 g more of 
magnesium sulfate were given intra- 
venously to 6 of the 10 patients, and 
when 4 g were given to 2 others. Of the 
remaining 2 patients who likewise con- 
vulsed again very soon after the initial 
dose of only 4 g of magnesium sulfate, 
one very large combative woman re- 
ceived a modest dose of amobarbital 
and convulsed no more. Thus, diffi- 
culty was encountered in controlling 
seizures in but 1 of 83 cases. In 2 sep- 
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arate pregnancies that woman was 
observed to convulse persistently after 
magnesium sulfate infusion until a 
general anesthetic agent was adminis- 
tered and she was safeguarded with 
tracheal intubation and ventilation. 

Among the nearly 300 cases that we 
have now managed, there has been 1 
maternal death that we described in 
detail.? Instead of 4 g of magnesium 
sulfate in 20 mL of solution being ad- 
ministered, as per protocol, by error an 
infusion of 20 g of the compound was 
attempted. As the unusually rapid in- 
jection was being completed, respira- 
tory arrest occurred and, unfortu- 
nately, intubation and ventilation of 
the very short, very obese mother was 
unsuccessful. In this case there was, 
obviously, a serious deviation from the 
established protocol for treatment of 
eclampsia. Too much was given, too 
fast. About the same time on another 
service at our hospital in another hy- 
pertensive, convulsing, very recently 
pregnant woman, respiratory arrest 
occurred when she was given a total of 
50 mg of diazepam to try to control her 
seizures. Fortunately, she was success- 
fully intubated and ventilated, was 
then identified as having been very re- 
cently pregnant, and was treated by 
the obstetricians according to protocol 
with magnesium sulfate and no fur- 
ther seizures. 

Kaplan and coworkers’ claim that 
“both the neurologic and obstetric lit- 
erature agree that there is minimal 
evidence showing an anticonvulsant 
effect of magnesium sulfate on the 
central nervous system.” They at- 
tribute the arrest of convulsions in ec- 
lampsia by magnesium sulfate pre- 
sumably to a peripheral action. They 
imply that the woman whose convul- 
sions are so arrested is still “con- 
vulsing centrally,” but not peripher- 
ally, due to neuromuscular blockade 
induced by magnesium. They ignore 
the fact, or as the consequence of never 
having observed a woman so treated, 
are unaware that with treatment with 
magnesium sulfate in sequence the 
grand mal seizures are soon arrested, 
the woman awakens, her sensorium 
clears, she becomes oriented, she la- 
bors, and typically she can readily ex- 
pel through voluntary expulsive forces 
provided by the abdominal muscula- 
ture and respiratory diaphragm an in- 
fant who requires little or no resusci- 
tation. Obviously there is minimal im- 
pairment, if any, of striate muscle 
action that should negate the impres- 
sion that the peripheral neuromuscu- 
lar blockade masks central convul- 
sions. Very importantly, also demon- 
strated is the lack of generalized 
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depression of the central nervous sys- 
tem in either the mother or newborn 
infant as can occur with other drugs, 
eg, diazepam. 

In regard to the fetus and newborn 
infant, Kaplan and coworkers? state no 
evidence exists of a deleterious effect 
on the fetus when intravenously ad- 
ministered anticonvulsant medica- 
tions are used in status epilepticus. 
This is immediately followed by a com- 
ment that, although diazepam therapy 
may have a respiratory and cortical 
depressant effect on the mother and 
neonate, these effects have occurred 
only in about 5% of infants. They 
ignore the fact that diazepam has been 
all but abandoned as a sedative during 
labor and preoperatively before cesar- 
ean section because of the depressant 
effect in the neonate. 

Kaplan and coworkers’ emphasize 
one report of anecdotal descriptions of 
adverse effects in neonates whose 
mother received magnesium sulfate, 
but fail to cite a subsequent antero- 
spective study by the same senior au- 
thor that failed to confirm the obser- 
vations and conclusions in the original 
report.*” 

Kaplan and coworkers’ state the 
following: “It is curious that two med- 
ical specialties have adopted two en- 
tirely different approaches to the 
treatment of epileptic seizures, but 
this appears to be the case for eclamp- 
sia.” They seem convinced that sei- 
zures of epilepsy and seizures of ec- 
lampsia are identical. “A seizure is a 
seizure is a seizure whether it arises in 
or out of a setting of preeclampsia and 
should be treated as such,” according 
to them. Instead of offering such an 
embarrassingly simplistic concept for 
the treatment of seizures, while so 
strongly emphasizing what not to doin 
the management of eclamptic women 
and their fetuses, hopefully they might 
have provided evidence that they are 
doing better, or even as well, using 
whatever protocol they would have us 
substitute for the treatment of ec- 
lampsia. We have provided consider- 
able data against which they can com- 
pare their results. 

Fortunately, it no longer would be 
very easy for Kaplan and coworkers to 
encounter any sizeable number of ec- 
lamptic women, since widely used ob- 
stetric management of women with 
preeclampsia includes prophylactic 
administration of magnesium sulfate, 
and women so treated rarely convulse. 
For example, we manage no more than 
10 cases per year of eclampsia even 
though we are a major referral center 
with nearly 15000 deliveries annually. 
We use magnesium sulfate liberally in 


women with hypertension induced or 
intensified by pregnancy. I am tempted 
to remark “Prevention of a seizure is 
prevention of a seizure is prevention of 
a seizure.” 

Dinsdale, in contrast to Kaplan and 
coworkers, has been much more objec- 
tive in considering the clinical efficacy 
of magnesium sulfate, or lack of same, 
in the treatment of eclampsia. His 
comments imply, at least, familiarity 
with the problems posed by the ec- 
lamptic woman and her fetus. 

JACK A. PRITCHARD, MD 

Department of Obstetrics and Gynecology 

University of Texas Southwestern 
Medical Center 


5323 Harry Hines Blvd 
Dallas, TX 75235 
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In Reply.—Nothing improves thera- 
peutic results more than the omission 
of controls. Pritchard’s systematic ap- 
proach and extensive experience are 
impressive, but is it because of or 
despite magnesium sulfate? He pro- 
vides nothing for comparison. 

I agree that one does not need to un- 
derstand the pathophysiology of 
eclampsia in order to treat it; however, 
one needs more than cumulative un- 
controlled results in order to claim ef- 
fectiveness for a drug. 

Pritchard’s quotation of prelimi- 
nary work on the use of magnesium 
sulfate in cerebral ischemia and sei- 
zures buttresses my conclusion that 
magnesium sulfate belongs in the lab- 


oratory, a clinical trial, or history. 
VLADIMIR HACHINSKI, MD, FRCPC, 
DSc (MED) 
University Hospital 
PO Box 5339 
London, Ontario, 
Canada N6A 5A5 
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Stewart Willason, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An inten- 
sive series of hands-on exercises utilizing appropriate 
animal bones, skeletal bones, etc.: 


Orthopaedic Surgeons—dissection in small bones, 
large bones, spines, joint replacement, revision 
surgery, methylmethacrylate, polyethylene, and 

biometals, including broken stem extraction. 


Neurosurgeons—dissection skills for bonework of 
the cranium and spine, including attention to bio- 
plastics and biometals applicable to neurosurgery. 
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“Modern Dissection Techniques 
Of Bone, Biometals, 
Bioceramics, and Bioplastics” 


MEMORIAL MEDICAL CENTER, 


Join the more than 7,300 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,700 Orthopaedic Surgeons; 1,500 Neurosurgeons; 2,100 OR Personnel) 


(NEURO / ORTHO 700) 






























ACCOMMODATIONS: Marriott’s Casa Marina Resort, 
1500 Reynolds Street, Key West, Florida 33040. Phone: 
305-296-3535. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident 
$585.00 (with letter from Department Head); RN/CST/ 
PA/Other $250.00. Make check to “Key West Midas 
Rex Symposium, 2929 Race Street, Fort Worth, TX 

76111. Phone: 800-433-7639. 
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OR Personne!l—dissection skills to become familiar with 
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and participation in problem solving, care, and proper 

maintenance of power equipment. 


CREDITS: CME Credit Available. 
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Join the more than 7,300 enrollees who have completed 
Midas Rex Hands-On Workshops. (3,700 Orthopaedic Sur- 
geons; 1,500 Neurosurgeons; 2,100 OR Personnel) 
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\ Ouabain Binding in the Human Brain 


Effects of Alzheimer’s Disease and Aging 


Sami I. Harik, MD; Mary Jo Mitchell; Rajesh N. Kalaria, PhD 


@ We studied Na‘*,K*-adenosine tri- 
phosphatase by assaying specific tritiated 
ouabain binding in the frontal cortex, tem- 
poral cortex, hippocampus, putamen, cer- 
ebellum, and cerebral microvessels in sub- 
jects with Alzheimer’s disease and control 
subjects. Ouabain binds specifically, in a 
saturable manner, and with a high affinity 
to a single class of binding sites in all the 
tissues studied. The density of ouabain 
binding sites was highest in cerebellum 
and frontal cortex (~ 40 pmol/mg of pro- 
tein); intermediate in temporal cortex, hip- 
pocampus, and putamen; and lowest in 
brain microvessels (~ 8 pmol/mg of pro- 
tein). The dissociation constant of binding 
was about 30 nmol/L in all tissues. In con- 
trol subjects, there were no age-related 
alterations in ouabain binding, nor was 
there any correlation between ouabain 
binding and postmortem delay. However, 
there was a marked decrease in brain 
ouabain binding in subjects with Alzhei- 
mer’s disease when compared with age- 
matched controls, especially in the cere- 
bral cortex. Ouabain binding was also sig- 
nificantly decreased in the cerebellum and 
putamen of subjects with Alzheimer’s dis- 
ease even though these brain regions are 
not particularly affected in this disease. 
Ouabain binding to brain microvessels, 
which constitute the blood-brain barrier, 
was not significantly decreased in sub- 
jects with Alzheimer’s disease. The de- 
creased specific ouabain binding in the 
brain of subjects with Alzheimer’s disease 
probably reflects the loss of neuronal 
membranes. 

(Arch Neurol. 1989;46:95 1-954) 


Alzheimer's disease (AD) is associ- 
ated with lower cerebral blood 
flow'? and decreased brain use of 
oxygen’ and glucose,*’ especially in re- 
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gions that bear the brunt of the neuro- 
pathological findings. However, it is 
not clear whether brain blood flow and 
metabolism are appreciably depressed 
in normal aging.*” Since it is estimated 
that about 50% of the energy expendi- 
ture of the resting brain supports the 
activity of Nat,K*-adenosine triphos- 
phatase (ATPase),'° the membrane- 
bound enzyme that is crucial for main- 
taining cellular ionic homeostasis, and 
in view of the close structural and 
functional correlation between glucose 
use and Nat,K*-ATPase in the 
brain,!'? we thought it would be im- 
portant to ascertain if impairment in 
human brain Na*,K*-ATPase occurs 
in aging and AD. 

In this study, we assessed regional 
Na*,K*-ATPase activity in subjects 
with AD and control subjects by mea- 
suring the cardiac glycoside binding 
sites, using tritiated ouabain as ligand. 
We previously found that ouabain 
binds specifically and in a saturable 
manner to brain tissue and brain mi- 
crovessels of the rat and pig. We 
now report that ouabain binding is 
significantly reduced in the brains of 
subjects with AD but we find no age- 
related alterations in brain ouabain 
binding. 


SUBJECTS, MATERIALS, AND METHODS 


Human brains were sampled at autopsy 
immediately after removal. Tissues were 
obtained from 31 subjects with AD and 26 
age-matched controls. Also, tissues were 
obtained from 14 younger control subjects. 
The age and postmortem interval in all 
groups are detailed in Table 1. The diagno- 
sis of AD was clinically suspected and 
pathologically confirmed by the presence of 
the usual hallmarks, including neuritic 
plaques in the cortex in numbers above 
those required to make the diagnosis of 
AD."5 However, precise clinical information 
concerning the magnitude and duration of 
the dementia was not available in this ret- 
rospective study. Age-matched controls 
died of a variety of acute illnesses but had 
no clinical or pathological evidence of brain 
disease. Tissues from younger controls 
were mostly obtained from the medical ex- 


aminer from subjects who died unexpect- 
edly and who had no gross evidence of brain 
disease. The interval between death and 
brain sampling ranged from 2 to 28 hours 
and was lowest in the AD group (Table 1). 


Tissue Preparation 


Samples of the frontal cortex (Brodmann 
area 9 or 10), temporal cortex (Brodmann 
area 23), hippocampus, putamen, and cere- 
bellar cortex were obtained from each sub- 
ject for later preparation of particulate 
fractions. Cerebral microvessels were har- 
vested from 50 to 100 g of freshly obtained 
frontal cortex by bulk isolation.'*"’ The pia- 
arachnoid was stripped and as much of the 
white matter as possible was excluded. 
Each microvessel preparation was obtained 
from the cerebral cortex of one subject. Mi- 
crovessel purity was checked by interfer- 
ence contrast microscopy and biochemical 
assays of their enrichment with the endo- 
thelial marker enzymes: y-glutamyl trans- 
peptidase, alkaline phosphatase, and an- 
giotensin-converting enzyme.'*"* 

Brain and microvessel samples were 
stored at —70°C until used. We previously 
determined that ouabain binding was not 
affected by freezing and prolonged storage 
at —70°C (S.LH., unpublished observations, 
1985). In any case, tissues from subjects 
with AD and control subjects were stored 
for comparable periods. Particulate frac- 
tions of brain and microvessels were pre- 
pared by thawing and freezing followed by 
homogenization in 20 vol of buffer using a 
Brinkmann polytron (Westbury, NY). The 
buffer contained 0.25 mol/L of sucrose; 10 
mmol/L of TRIS hydrochloride (pH of 7.4); 
1 mmol/L of ethylenediaminetetraacetic 
acid; and the protease inhibitors aprotinin, 
leupeptin, and pepstatin, each at a concen- 
tration of 2.5 mg/L. The homogenates were 
centrifuged at 50000g for 20 minutes and 
the pellets were washed three times in 
buffer by dispersion and centrifugation. 
The washed pellets were suspended in the 
same buffer to about 1 mg of tissue protein 
per milliliter. Protein was assayed accord- 
ing to the method of Lowry et al’? with bo- 
vine serum albumin as standard. 


Ouabain Binding 


Ouabain binding was performed as de- 
scribed before.” The amount of tissue 
protein used was 40 to 120 wg. In some ex- 
periments, the concentration of tritiated 
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Table 1.—Age, Sex, and Postmortem Interval of Subjects * 


Subjects Age-Matched Young 

With AD Controls Controls 
No. of subjects 31 26 14 
Age, y 76 + 2 69 + 2 of xt 2 


(55-101) 24-55) 


Sex, F/M 14/17 13/13 3/11 
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Fig 1.—Specific tritiated ouabain binding to the frontal cortical preparations from a subject with 
Alzheimer’s disease (AD) (open symbols) and an age-matched control (filled symbols) that was 
performed simultaneously as a function of increasing concentrations of tritiated ouabain. Specific 
ouabain binding in both preparations appears to be saturable. Inset, Scatchard plots for the two 
preparations described above. The best fits were computer generated by the least-squares meth- 
ods. The dissociation constants were 24 and 17 nmol/L and the maximal bindings were 35 and 
23 pmol/mg of protein for the control and AD preparations, respectively. The points represent the 


means of triplicate determinations. 


ouabain (specific activity, 24.1 Ci/mmol; 
New England Nuclear, North Billerica, 
Mass) ranged from 10 to 350 nmol/L. In 
others, a single high concentration (~ 300 
nmol/L) of tritiated ouabain was used. 
Specific binding was determined by sub- 
tracting nonspecific binding, measured in 
parallel incubations in the absence of mag- 
nesium chloride and adenosine triphos- 
phate, from total binding. The ratio of non- 
specific to total binding varied with the 
concentration of ouabain but did not exceed 
15% of the total. Maximal binding (Bmax), 
expressed in picomoles per milligram of 
protein, and the dissociation constant (Kd), 
expressed in nanomoles per liter, were cal- 
culated according to the method of Scat- 
chard.” 


Statistical Analyses 
Differences between subjects with AD 


and age-matched controls were assessed by 
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Student’s t test (two tailed). Significance 
was considered at P < .05. Correlation of 
ouabain binding with age and with post- 
mortem interval was assessed by linear re- 
gression analysis. 


RESULTS 


Specific ouabain binding to human 
brain and microvessel preparations 
was saturable. The Scatchard plots 
were linear, indicating a single class of 
noninteracting binding sites in all 
preparations. The Bmax and Kd values 
for binding to the frontal cortex and 
cerebral microvessels of young con- 
trols are presented in Table 2. The 
density of ouabain binding sites in ce- 
rebral microvessels was only 20% of 
that in the cerebral cortex from which 
the vessels were obtained. The Kd of 
binding in the two tissues was similar. 








Table 2.— Specific Ouabain Binding 
to the Frontal Cortex and Cerebral 
Microvessels of Young Control 
Subjects * 














Bmax, 
pmol/mg Kd, 
of Protein nmol/L 


38.3+5.2 34.0 + 2.7 











Frontal cortex 
Cerebral 
microvessels 






71.9219 28:2:+ 2.6 


*Values denote means+SEMs of six observa- 
tions. There were no significant differences between 
the dissociation constant (Kd) results, but the maxi- 
mal binding (Bmax) results were significantly different 
(P < .01, Student's t test, two tailed). 





Saturation-binding isotherms were 
also performed on the frontal cortex of 
several subjects with AD and age- 
matched controls. The results showed 
a lower Bmax in subjects with AD but 
no alteration in Kd. Representative 
results from a subject with AD and an 
age-matched control that were pro- 
cessed together are presented in Fig 1. 
Based on these preliminary findings, 
we assayed regional brain ouabain 
binding in subjects with AD and age- 
matched controls at a single high con- 
centration of tritiated ouabain (~ 300 
nmol/L). The results are presented in 
Table 3. Ouabain binding in subjects 
with AD was significantly decreased in 
all brain regions but not in brain 
microvessels. Decreased ouabain bind- 
ing in brains from subjects with AD 
ranged from a high of about 40% in the 
frontal and temporal cortex to a low of 
23% in the putamen. The scatter of in- 
dividual values for the frontal cortex 
of age-matched controls and subjects 
with AD is shown in Fig 2. 

The microvessel preparations ap- 
peared by interference-contrast mi- 
croscopy to be free of neuronal or glial 
elements, but small amounts of uni- 
dentifiable debris were noted. The mi- 
crovessels consisted of segments of 
capillaries, arterioles, and venules 
that ranged from 4 to 30 um in diam- 
eter, with the vast majority being less 
than 10 wm. Cerebral microvessels 
from subjects with AD were indistin- 
guishable in their morphological fea- 
tures from those isolated from age- 
matched controls. Furthermore, the 
activities of the endothelial cell mark- 
ers, y-glutamyl transpeptidase, alka- 
line phosphatase, and angiotension- 
converting enzyme, were similar in 
microvessels isolated from subjects 
with AD and controls.” The purity of 
brain microvessels was consistent 
with previous reports from our labo- 
ratory, with contaminants estimated 
at less than 5% .!617 

To assess the effect of age on brain 
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Table 3.—Regional Brain Ouabain Binding in Subjects With Alzheimer’s Disease (AD) 
and Age-Matched Controls 


Ouabain Binding, 
pmol/mg of Protein” 


vG———— Ther 


Controls 
(26) 34.1 + 2.1 
(12) 22.0 + 0.9 


Frontal cortex 
Temporal cortex 


Cerebellum 
Microvessels 


(11) 39.4 + 1.9 
(12) 7.7+0.9 


(31) 20.7 + 0.7 
(12) 13.1 + 1.0 


(11) 28.3 + 1.6 —28 
(10) 6.1+ 0.8 —20 


Change, 
% P Value 


<.001 
<.001 





<.001 
>.05 


* Values denote means + SEMs for the number of subjects in parentheses. Binding was performed at a sin- 
gle near-saturating concentration of tritiated ouabain (~ 300 nmol/L). Statistical significance was assessed 


by Student's t test (two tailed). 


60 


45 


30 


15 


Quabain Bound, pmol/mg of Protein 


O 


C AD 


Fig 2.— Scatter plots of tritiated ouabain bind- 
ing to the frontal cortex of age-matched con- 
trols (C) and subjects with Alzheimer’s disease 
(AD) at a single concentration of tritiated oua- 
bain (~ 300 nmol/L). The bars represent 
means + SEMs. The two groups were signifi- 
cantly different at P < .001 (Student's t test, 
two tailed). 


ouabain binding, we plotted binding 
results in the frontal cortex against 
the ages of all control subjects. The re- 
sults did not reveal significant age-re- 
lated changes (Fig 3). If anything, 
ouabain binding appeared to increase 
slightly with age. Also, we were unable 
to show a correlation between ouabain 
binding and the postmortem interval 
in age-matched controls (Fig 4). This 
shows the relative stability of ouabain 
binding sites and rules out the post- 
mortem interval as a possible factor in 
the differences between subjects with 
AD and controls. 


COMMENT 


Specific ouabain binding to the hu- 
man brain obtained at autopsy yielded 
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Fig 3.—Specific ouabain binding to the frontal 
cortex of all control subjects at a single con- 
centration of tritiated ouabain (~ 300 nmol/L) 
was plotted against the age of the subjects. 
There was no correlation by linear regression 
analysis (r = .176). 
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Fig 4.— Specific ouabain binding to the frontal 
cerebral cortex of the age-matched control 
group at a single concentration of tritiated 
ouabain (~ 300 nmol/L) was plotted against 
the postmortem interval. There was no corre- 
lation by linear regression analysis (r = .000). 


results that are remarkably similar to 
those observed in rat and pig brain in 
their density of binding sites, in their 
Kd, and with regard to the linearity of 
the Scatchard plots that indicate a 
single class of noninteracting binding 
sites. The Bmax results that we ob- 
tained herein (Table 2) are higher than 
those obtained by the only other study, 
to our knowledge, of ouabain binding 
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in human brain.” This discrepancy 
may be due to differences in tissue 
preparation methods. For example, if 
tissues are not frozen and thawed prior 
to binding, the Bmax values are 30% to 
40% lower (S.I.H., unpublished obser- 
vations, 1985). Apparently, freezing 
and thawing unmask some of the 
ouabain binding sites. Our results also 
indicate that ouabain binding sites are 
rather resistant to postmortem auto- 
lysis, since ouabain binding did not 
correlate with postmortem delay (Fig 
4). Thus, the postmortem interval can 
be discounted as a confounding factor 
in studies of ouabain binding to human 
brain tissue. 

There was some variation in ouabain 
binding to the various regions of the 
human brain (Table 3). The cerebellum 
ranked highest, followed by the frontal 
cortex, while binding to the temporal 
cortex, hippocampus, and putamen 
was less. Ouabain binding to brain mi- 
crovessels, which constitute the blood- 
brain barrier, was considerably less 
than that to brain tissue, in agreement 
with prior results in the rat and pig." 

There were no age-related changes 
in specific ouabain binding to the brain 
and its microvessels. This finding is 
consistent with our prior observations 
showing no significant differences in 
ouabain binding or in Kt-p-nitro- 
phenyl phosphatase activity by Na+, 
K*+-ATPase between brain prepara- 
tions from young and aged Fischer-344 
rats.” Other investigators also failed 
to find age-related changes in brain 
Na*,K+-ATPase.**”’ On the other hand, 
Kendrick et al” reported a 20% reduc- 
tion in Na+,K+t-ATPase activity in the 
brain of aged rats when compared with 
adult rats, and Calderini et al” found 
decreased Na*,K*-ATPase activity in 
synaptosomal membranes of aged rats 
but saw no difference in the enzyme 
activity of brain homogenates. 

The main finding of this study is the 
marked and significant reduction in 
ouabain binding to the brain in AD 
(Figs 1 and 2; Table 3). The greatest 
reduction was evident in the cerebral 
neocortex, which is usually most af- 
fected in AD. Despite the marked re- 
duction (P < .001) in ouabain binding 
to the cerebral cortex in AD, there is 
some overlap with the results of the 
age-matched control group (Fig 2). 
Also, there is a greater spread in the 
data of the control group than in the 
AD group. We have no explanation for 
this observation but suspect that it 
may be due either to agonal premor- 
tem events or to medications that can 
interfere with ouabain binding (eg, 
digitalis preparations), There were 
also significant reductions in ouabain 
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binding to the putamen and cerebel- 
lum of subjects with AD. Both of these 
regions are not markedly affected 
pathologically, nor is their oxidative 
metabolism reduced, judging from 
positron emission tomography studies. 
We expected more marked reduction in 
ouabain binding in the hippocampus, 
which is usually severely affected in 
AD. 

Decreased ouabain binding in brains 
from subjects with AD is probably best 
explained by the loss of synaptic con- 
nections and neuronal processes in this 
disease. Other markers of neuronal 
membranes, such as gangliosides and 
cerebrosides, are preferentially de- 
creased in AD, in comparison to the 
decrease in tissue protein, RNA, or 
DNA levels.” Our finding of a 40% de- 
crease in ouabain binding in the cere- 
bral neocortex of subjects with AD and 
the observation of Hauger et al”? of a 
50% decrease in ouabain binding to the 
basal ganglia of subjects with Hunt- 
ington’s disease suggest that the high- 
affinity ouabain binding sites occur pre- 
dominantly in neuronal rather than 
glial membranes. This derives from 
the knowledge of glial proliferation in 
the cerebral cortex in AD and in the 
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striatum in Huntington’s disease. The 
fact that kainic acid lesions of the rat 
striatum, which selectively destroy in- 
trinsic neurons but do not affect glia, 
cause a marked reduction in specific 
ouabain binding also supports this con- 
tention.’ Another possible explana- 
tion for our findings is decreased met- 
abolic activity in the brains of subjects 
with AD. In either case, it is probable 
that the decreased ouabain binding to 
brain tissue in AD is the result rather 
than the cause of the disorder. 

The lack of a significant reduction in 
ouabain binding to cerebral microves- 
sels in AD, along with the lack of 
changes in brain endothelial cell 
markers such as y-glutamy] transpep- 
tidase, alkaline phosphatase, and an- 
giotensin-converting enzyme activity, 
all argue against nonspecific degener- 
ation of brain capillaries in AD. This 
renders our recent observation that 
the glucose transporter protein is 
markedly decreased in the brain capil- 
laries in AD, a particularly important 
and specific alteration of the blood- 
brain barrier in AD.” 

The results presented herein con- 
firm the utility of ouabain binding as a 
measure of the catalytic component of 
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Na*t,K*-ATPase in human tissue ob- 
tained at autopsy after many hours of 
postmortem delay. The results show 
that brain Na*,K+-ATPase is not al- 
tered in normal human aging, but it is 
significantly reduced in several brain 
regions of subjects with AD, particu- 
larly in the cerebral neocortex, which — 
is predominantly involved in the neu- 
ropathological findings of AD. These 
findings also support the view that the 
brain abnormality in AD is not a con- 
tinuum of normal aging. However, we 
emphasize that in this retrospective 
study, it was impossible to correlate 
decreased ouabain binding to brain 
membranes with either the severity or 
the duration of AD. For that reason, 
our findings should be corroborated 
and expanded in a prospective study. 
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Accuracy of Self-Reported Disability 
in Patients With Parkinsonism 


Richard G. Brown, MPhil; Brigid MacCarthy, MSc; Marjan Jahanshahi, MPhil; C. David Marsden, DSc 


è For the patient, the most important 
aspect of parkinsonism is the degree to 
which the disease interferes with daily liv- 
ing. The patient’s self-report may be the 
only way in which such information can be 
obtained. Depression and cognitive im- 
pairment, however, may influence that 
self-report. In the present study, three 
ratings of disability, from, the patient, a 
relative, and an independent observer, 
showed high levels of agreement. The pa- 
tients’ cognitive function made a small but 
significant contribution to the accuracy of 
their self-report judged against the rela- 
tive’s rating. Depression, however, played 
no role. Agreement between patients and 
relatives for individual items on the dis- 
ability questionnaire was reasonably high. 
The results suggest that patients with par- 
kinsonism can provide accurate self-re- 
port of their level of disability, even in the 
presence of depression and cognitive im- 
pairment. 

(Arch Neurol. 1989;46:955-959) 


he clinical picture of parkinsonism 
is dominated by akinesia, tremor, 
rigidity, and postural abnormality. Be- 
cause of this, clinical assessment of 
patients with parkinsonism is heavily 
weighted to obtaining indexes of these 
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motor symptoms. For the patient, 
however, the significance of the symp- 
toms does not lie in the amplitude of 
the tremor or the speed of foot tapping. 
Rather, it is the degree to which the 
motor symptoms and other aspects of 
the disease interfere with his or her 
ability to lead a normal life. Conse- 
quently, the goal of clinical manage- 
ment, or the development of new treat- 
ments, should be aimed at decreasing 
the level of disability. 

The main methods of assessment of 
disability are observation in natural or 
seminatural settings, interview, and 
questionnaire. In many instances, both 
clinical and research, questionnaires 
provide the only practical or cost- 
effective method of gathering informa- 
tion. Kivela' addressed the question of 
the validity of such self-report. He as- 
sessed 218 patients with a variety of 
medical disorders. Subjects completed 
a questionnaire covering aspects of 
self-care and domestic activities. They 
were also assessed by a health-care 
professional on a set of six activities. 
Employing a four-point scale, agree- 
ment between the patients and the 
professional of 97% was obtained for 
dressing and 84% for bathing. For 
more general types of activity such as 
cooking and cleaning, agreement was 
lower (77% and 64% ) even when using 
a dichotomous scale. The suggestion is, 
however, that for specific activities 
self-report can provide a valid index of 
disability. 

Can this finding be generalized to 
patients with Parkinson’s disease? 
Caution is necessary for two reasons. 
First, the level of disability reported 
by patients is significantly associated 


with their level of depression,’ al- 
though there have been exceptions.** 
While it may be that the depression is 
a reaction to the disability, it is also 
possible that depression may bias the 
patient’s self-report, so that the more 
depressed patients perceive them- 
selves as being more disabled than 
they really are. Depression, therefore, 
may introduce a systematic bias into 
self-report. In addition, depression it- 
self may make an independent contri- 
bution to the patient’s overall level of 
functional disability. Second, marked 


cognitive impairment is found in some ~ 


cases. While estimates vary,’ recent 
studies suggest that clinically signifi- 
cant impairment may be found in ap- 
proximately 10% of patients with Par- 
kinson’s disease.*'! Taking the whole 
parkinsonian population, however, the 
figure may be higher. The relevance of 
dementia to the present issue is that 
cognitive impairment in a patient may 
interfere with the reliability of his or 
her self-report. It is unclear whether 
there would be a systematic bias, or 
simply increased variability in the ac- 
curacy of the ratings. 

The aim of the present study was to 
assess the accuracy of self-reported 
disability in a group of patients with 
parkinsonism by comparing their rat- 
ings with those of a care giver and of 
an independent observer. Further- 
more, the study aimed to explore the 
possible influence of depression and 
cognitive impairment on self-report. 


PATIENTS AND METHODS 
Sample 


Sixty-six patients took part in this study, 
drawn from two sources. The patients com- 
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posing group 1 were assessed as part of a 
study of psychosocial function in patients 
with parkinsonism and their care givers. 
Forty patients were selected from a sample 
of 132 described previously.’ Selection was 
based on two criteria: first, that the patient 
lived with another person, usually a spouse, 
who could act as an informant, and second, 
that the patient lived within a 50-mile 
radius. All 40 patients were visited in their 
own homes, where they were assessed. 
Three of the patients and/or their care giv- 
ers failed to complete the disability ques- 
tionnaires (see below). These patients will 
not be considered further in the present re- 
port. In addition, one care giver failed to 
complete the Beck Depression Inventory 
(BDI). Results on care givers BDI are, 
therefore, based on 64. 

The remaining group of 37 patients com- 
prised 23 men and 14 women, with a mean 
(+SD) age of 65.1 + 9.6 years. Mean ap- 
proximate duration of illness was 10.9 + 5.4 
years, with a range from 8 to 26 years. 
Twelve of the patients were in Hoehn and 
Yahr” stage II, 20 in stage III, 3 in stage IV, 
and 2 in stage V. All were taking antipar- 
kinsonian medication at the time of assess- 
ment. 

The second group of patients were par- 
ticipants in a study of sexual function in 
patients with parkinsonism and their 
spouses carried out by us. Twenty-nine pa- 
tients and their spouses completed disabil- 
ity questionnaires. The patient group com- 
prised 20 men and 9 women, with a mean 
age of 50.4 + 9.3 years. Mean approximate 
duration of illness was 10.5 + 4.3 years, 
with a range from 3 to 19 years. Hoehn and 
Yahr ratings were not available for these 
patients. All were taking antiparkinsonian 
medication. 


Assessment Measures 


All patients completed an Activities of 
Daily Living (ADL) questionnaire. This 
questionnaire was the same as that em- 
ployed in two earlier studies.** It contains 
24 items covering a range of activities 
(Table 1). A five-point scale was used for 
each item ranging from “able to perform 
task alone and without difficulty” to 
“unable to perform task.” A high score in- 
dicated greater disability. A total score was 
computed (range, 24 to 120), together with 
two subscores. These were derived by split- 
ting the scale into two factors correspond- 
ing roughly to “gross mobility” and “fine 
coordination.” The subscales were derived 
from a principal components analysis re- 
ported previously.‘ Each patient was asked 
to fill out the questionnaire according to 
how well he or she would be able to perform 
each activity “in general” and without the 
use of any special aids. Each relative was 
also asked to give his or her independent 
judgment of the patient’s level of ability for 
each task on the ADL questionnaire. 

In addition to the questionnaire mea- 
sures, patients in group 1 were asked to 
perform a range of activities to be rated by 
an observer (R.G.B.). These were as follows: 
get up from a chair, walk and turn, walk up 
and down stairs, fasten buttons, hold and 
turn the pages of a large newspaper, bend 
down and insert an electric plug in a socket, 
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Fine movements 








pour liquid from one container to another, 
and hold a cup and saucer. Each item was 
rated in the same way as the ADL ques- 
tionnaire. Subjects from group 1 were also 
assessed for the severity of their tremor, 
rigidity, akinesia, and postural abnormal- 
ity, employing the King’s College Hospital 
(KCH) Parkinson’s disease rating scale." 

Depression was assessed in patients and 
their relatives using the BDI." One patient 
in group 2 failed to complete the BDI. In 
addition, the patients in group 1 were ad- 
ministered the Folstein et al'*’ Mini-Mental 
State Examination (MMS). 


RESULTS 


Patients in group 1 were signifi- 
cantly older than those in group 2 
(t= 6.2, df= 64, P < .001). They also 
had a later approximate age at onset of 
their parkinsonism (t= 5.3, df= 64, 
P < .001). The mean duration of illness 
in the two groups, however, did not 
differ (t =0.37, df= 64, P =.71). The 
mean age of the total sample was 58.6 
+ 11.9 years, and the mean approxi- 
mate age at onset of the disease was 
48.9 + 12.8 years. Mean duration of 
illness was 10.7 + 4.9 years. 

The mean score for the patient-rated 
ADL was 46.6 + 21.5 for group 1 and 
50.9 + 22.3 for group 2. This difference 


% Complete 


59 


Table 1.—Activities of Daily Living Scale: Item Analysis of Agreement /Disagreement 
Between Patient and Relative Ratings (N = 66) 


% Agreement 


86 













Item Agreement (Weighted) K 
Gross mobility 
Getting out of bed 70 92 .67 
Getting out of chair 64 91 .65 
Walking around home 68 89 .55 
Walking outside, eg, to shops 64 90 74 
Traveling by public transport 57 85 .66 
Walking up stairs 70 91 .59 
Walking downstairs 62 88 49 
Getting into bath 54 86 .59 
Getting out of bath 58 88 .62 
Getting undressed 56 86 .50 
Picking up object from floor 41 80 .28 
Fine coordination 
Brushing teeth 62 62 .53 
Washing 68 91 .57 
Opening tins 58 84 .60 
Pouring milk from bottle 66 90 .63 
Making cup of tea 71 92 73 
Holding cup and saucer 57 87 .54 
Washing and drying dishes 59 87 .55 
Using knife and fork 47 84 61 
Inserting electrical plug 71 92 73 
Dialing telephone 57 87 .54 
Holding and reading newspaper 59 87 55 
Writing letter 47 84 51 
Getting dressed 56 86 51 
Means 
Total scale 60 87 .58 
Gross movements 60 88 .58 





was not significant (t = 0.79, df = 64, 
P = 43). The mean of the total sample 
was 48.5 + 21.8. This was comparable 
with the score obtained by the larger 
sample in the earlier study (48.5 
+ 18.7). The mean ADL score re- 
ported by the relatives was slightly 
higher than that reported by the pa- 
tients themselves, both for relatives in 
group 1 (49.6 + 20.5) and relatives in 
group 2 (52.5 + 22.5). The relatives’ 
ratings for the two groups did not 
differ significantly (t = 0.56, df= 64, 
P = .58). The mean for the total sample 
was 50.9 + 21.3. Comparing the pa- 
tients’ and relatives’ ratings for the 
combined sample revealed that the 
relatives’ tendency to rate disability 
higher than the patients approached 
significance (t = 1.81, df =65, P = .08). 

The mean BDI score of the patients 
in group 1 was 13.2 + 8.8,and15.4 +7.9 
for those in group 2. The difference be- 
tween the groups was not significant 
(t = 1.06, df = 63, P = .28). The mean 
BDI score for the combined sample 
(14.2 + 8.4) was similar to that re- 
ported previously* (13.9 + 7.3). Eigh- n 
teen patients (27% ) had a BDI score of 
18 or more. The mean for the relatives 
in group 1 was 11.4 + 9.7, and 10.1 
+ 7.5 for those in group 2. The differ- 


Self-Reported Disabilitv—Rrown et al 








Table 2.—Pearson Correlations Between Indexes of Disability, Depression, and 
Cognitive Function * 













Relative’s Observer's Symptom Patient's  Relative’s 
ADL ADL Severity BDI BDI MMS 
Patient’s ADL 91 .84 .59 .34 -37 —.49 
Symptom severity —.01 (NS) .17 (NS) —.35 


Patient's BDI .33 —.27 (NS) 
Relative’s BDI —.20 (NS) 


* ADL indicates Activities of Daily Living questionnaire score; BDI, Beck Depression Inventory score; and MMS, 
Mini-Mental State score. All correlations are significant (P < .05) except for those marked NS (not significant). 
For all correlations, n = 64 to 65, except for correlations involving observer's ADL, symptom severity, and MMS, 
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where n = 37. 


ence between the groups was not sig- 
nificant (t = 0.60, df = 63, P = .55). The 
mean for the combined sample was 
10.9 + 8.8. This figure is considerably 
higher than that obtained by Gotham 
et al? for a sample of normal elderly 
(6.4 + 5.8). Ten relatives (17.2% ) hada 
BDI score of 18 or more. 

The mean MMS score for the pa- 
tients in group 1 was 31.7 + 3.2. Eight 
patients achieved a score of less than 
30 of a maximum of 35, with three of 
these scoring less than 25. 

As a first step to assessing the agree- 
ment between the patient’s and the 
relative’s ADL ratings, standardized 
difference scores were obtained and 
the distribution examined. Thirty- 
eight cases (58% ) were within +0.5SD 
of complete agreement. One case, how- 
ever, was revealed as an outlier, the 
patient rating his level of disability as 
far greater than the relative (z = 4.1). 
This case was eliminated from the 
subsequent analyses. 

Table 2 gives the zero-order Pearson 
correlation coefficients for the various 
measures of disability, symptom se- 
verity, depression, and cognitive func- 
tion. Correlations involving MMS 
score, symptom severity, and observ- 
er-rated disability are based on sub- 
jects from group 1. In terms of the pa- 
tient’s self-reported disability, the 
most meaningful direct association is 
between the patient-rated and rela- 
tive-rated ADL. The correlation of .91 
for the total score suggests a high de- 
gree of overall agreement between the 
two sets of ratings. The figures were 
equally high for the subscale scores for 
“gross” (r = .90) and “fine” movements 
(r = .87). The association between the 
observer rating and patient rating for 
group 1 was .84. In contrast to these 
high correlations between patient self- 
report and independent measures of 
disability, the patient’s rating of dis- 
ability was less strongly associated 
with the parkinsonian symptom sever- 
ity score (KCH scale; 7 = .59). The im- 
plication is that a measure based on 
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the symptoms of tremor, rigidity, aki- 
nesia, and postural abnormality is not 
necessarily a good indicator of disabil- 
ity, at least as rated by the patient. In 
contrast, the observer-rated disability 
and KCH symptom severity scores 
were strongly correlated (7 = .84). This 
may be partly due to the fact that both 
ratings were made by the same indi- 
vidual. A more important reason may 
be that both ratings were made on the 
patient at the same point in time, 
whereas the patient’s and relative’s 
ADL ratings were based on more gen- 
eral levels of disability. In particular, 
general ratings made by patients who 
experience a wide variation in disabil- 
ity throughout the day may not reflect 
their performance either at their best 
or at their worst. In these cases, two 
separate self-ratings may provide the 
most useful information. 

As found in previous studies,** the 
patient’s level of depression as mea- 
sured by the BDI was significantly 
correlated with the overall level of 
self-rated disability (7 = .34). The BDI 
scores of the patients were also associ- 
ated with the relative-rated ADL 
(r = .37). The correlation with observ- 
er-rated disability was lower, al- 
though still significant (r = .29). In 
contrast, the patient’s BDI score was 
unrelated to the KCH symptom sever- 
ity score (r = —.01). 

Scores on the MMS were signifi- 
cantly associated with the patient’s 
level of self-rated disability (r = —.48), 
with high levels of disability associ- 
ated with lower levels of cognitive 
function. The association was not lim- 
ited to the patient’s self-report. The 
MMS scores were also significantly re- 
lated to the relative-rated ADL 
(r = —.34) and the observer ratings of 
disability (7 =—.50), as well as the rat- 
ings of symptom severity (7 = —.35). 

To explore the contributions of the 
patients’ BDI and MMS scores to their 
self-report of disability, a multiple re- 
gression analysis was performed, us- 
ing the data from group 1, in which the 


patient-rated ADL score was taken as 
the dependent variable. Independent 
variables considered were the relative- 
rated ADL, patient’s BDI and MMS 
scores, and relative’s BDI scores. This 
latter variable was included to assess 
whether a depressed relative was bi- 
ased in his or her report of the pa- 
tient’s disability, in the same way as 
the patients themselves might be. 

First, the independent variables 
were entered in one step into the re- 
gression equation. This gave a multiple 
R of .89 (adjusted R? = .77, F = 27.78, 
P <.0001). Together, therefore, this 
set of variables gives a very good pre- 
diction of patient-rated ADL. The next 
stage was to perform a stepwise anal- 
ysis in which the independent vari- 
ables were entered one at a time in the 
order determined by their association 
with the dependent variable. The first 
variable to enter the equation was the 
relative-rated ADL. This gave a mul- 
tiple R of .87 (adjusted R*=.74, 
F = 96.8, P < .0001). The relative rat- 
ing, therefore, gave almost as good a 
prediction of the patient’s disability as 
the whole set of independent variables 
together. Examining the partial cor- 
relation of the remaining variables 
with patient-rated ADL, after ac- 
counting for the relative’s rating, re- 
vealed a significant assocation of —.49 
for MMS score (P < .01). In contrast, 
neither the patient’s BDI (partial 
r = .05, P = .78) nor the relative’s BDI 
(partial r= .03, P = .89) was signifi- 
cantly associated with the patient- 
rated ADL. These findings were re- 
flected in the next stage of the regres- 
sion analysis in which the MMS was 
entered, making a significant contri- 
bution to the regression equation 
(multiple R = .89, adjusted R? = .78, R? 
change = .05, F change = 8.07, P< 
01). Neither BDI score made any sig- 
nificant contribution to the regression 
equation. 

To summarize, the relative’s rating 
of disability was the best single pre- 
dictor of the patient’s own rating, ac- 
counting for 83% of the variance in the 
total sample and 74% in group 1. In 
addition, however, the patient’s level 
of cognitive function as measured by 
the MMS explained an additional 4% 
of the variance. In contrast, neither 
the relative’s nor the patient’s levels of 
depression, as measured by the BDI, 
added significantly to the regression 
equation. To explore the contribution 
of cognitive function, the MMS scores 
were correlated with the difference 
between the patients’ and relatives’ 
ADL ratings. The direction of the as- 
sociation (r = .85, P < .05) suggested 
that the more cognitively impaired the 
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patient was, the more he or she tended 
to underestimate his or her level of 
disability compared with his or her 
relative, or alternatively, the more the 
relative tended to overestimate the 
patient’s level of disability. 

So far, the analysis has been con- 
cerned with global indexes of disabil- 
ity. The next question to be addressed 
was the “accuracy” of the patient’s 
self-report (as judged against the rel- 
ative’s assessment) for individual 
items on the ADL scale. The statistic of 
choice in such an instance is the 
weighted x.'° This is based on the 
agreement between the two raters be- 
yond that which would be expected by 
chance. In addition, it allows credit for 
partial rater agreement. With a five- 
point continuous ordinal rating scale 
as used with the ADL questionnaire, 
linear weights were used as recom- 
mended by Cicchetti.” Complete 
agreement was given a weighting of 1, 
ratings one scale point apart a rating 
of 0.75, those two scale points apart a 
weighting of 0.5, three scale points a 
weighting of 0.25, and complete dis- 
agreement (four scale point differ- 
ence) a weighting of 0. Chance agree- 
ment was also calculated using the 
same weighting procedure. Table 1 
gives various statistics. First, there is 
the percentage of cases in which there 
was complete agreement between the 
patient’s and relative’s ratings for 
each given item. Next, there is the 
percentage agreement based on the 
weighting procedure described above. 
Finally, there is the x statistic for each 
item. 

Complete agreement varied from 
41% (picking up an object from the 
floor) to 71% (making a cup of tea, and 
inserting and removing an electrical 
plug). The average was 60% for the 
whole scale. There was no difference 
between agreement for “gross” actions 
(60%) and “fine” movements (59%). 
The percentages after weighting for 
partial agreement were, of course, 
higher. The pattern, however, was es- 
sentially the same as that for absolute 
agreement. The dramatic increase in 
percentage agreement after weighting 
suggests that the majority of disagree- 
ments were by one or at most two scale 
points. Examining the data revealed 
that the majority of such disagree- 
ments occurred between ratings of 1 
(“can perform alone without diffi- 
culty”) and 2 (“can perform alone with 
a little effort”). It was, presumably, 
difficult for the relative to distinguish 
between these two ratings. It may be, 
therefore, that the relative’s ratings 
were less accurate than those of the 
patient in these instances. For the 
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more marked categories of impair- 
ment where the patient’s difficulty was 
obvious or assistance was required, the 
relative’s rating was more likely to be 
in accordance with the patient’s. 

The lowest value of k was .28 (picking 
up an object from the floor). This item 
was exceptional, however, and all 
other x values were .49 or greater. 
There are no rigid rules for interpret- 
ing x values. Landis and Koch" suggest 
that values in the range .4 to .6 are 
“moderate,” .6 to .8 “substantial,” and 
.8 to 1.0 “almost perfect.” With the ex- 
ception of the single low value, all of 
the x values were in the range from 
moderate to substantial. 

Finally, the « analysis conducted 
gave an indication of “bias” for each 
item. This indicated whether there 
was a tendency for one set of raters 
(patients or relatives) to give consis- 
tently higher ratings than the other 
set. For the large majority of items, 
the relatives tended to rate higher 
than the patients. For only three 
items, however, was the bias signifi- 
cant: traveling by public transport 
(x? = 6.0, df=1, P < .05), getting un- 
dressed (x? = 6.8, df = 1, P < .01), and 
opening tins (x? = 10.3, df = 1, P <.01). 


COMMENT 


The main finding of the present 
study was that patients with Parkin- 
son’s disease can provide accurate 
judgments of their disability. The 
analyses showed this to be true for a 
total disability score, for subscales, 
and for individual items. In the latter 
instance, however, it was clear that 
there may be a small margin of dis- 
agreement between the ratings of the 
patient and the relative, particularly 
for instances of mild impairment. In 
such instances, the patient’s rating 
should be taken to be more accurate. 

In the introduction, depression and 
cognitive impairment were proposed 
as factors that might influence this ac- 
curacy. The pattern of correlations re- 
vealed that both variables were signif- 
icantly associated with the patient’s 
self-reported level of disability. How- 
ever, only cognitive function made any 
independent contribution to the pre- 
diction of the patient’s self-report once 
the relative’s rating of disability was 
taken into account. Even then, the 
contribution was small. The implica- 
tion is that the best single index of 
disability is the patient’s own judg- 
ment of it. In the presence of cognitive 
impairment, it is possible that the pa- 
tient’s judgment may be a slight un- 
derestimate. Depression, however, 
seems to have little impact on the ac- 
curacy of the self-report and certainly 
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introduces no systematic bias. 

A distinction was drawn, in the in- 
troduction, between disability and 
symptom severity. The results from 
the present study revealed that the two 
factors were only moderately corre- 
lated. More surprising was the dra- 
matic difference in the relationship 
between the two factors and the pa- 
tient’s level of depression as measured 
by the BDI. While depression was sig- 
nificantly associated with disability, 
whoever rated the disability, there was 
no association with symptom severity. 
If depression is taken as one index of 
the impact of the disease on the suf- 
ferer, then it is clear that the severity 
of the motor symptoms alone is of lit- 
tle importance. Rather, it is the impact 
that these symptoms, and other fac- 
tors, have on the patient’s ability to 
lead a normal life that contributes 
most to his or her mood. This rein- 
forces the point made in the introduc- 
tion, that treatment should be focused 
on lessening: the disability, not the 
motor symptoms. The results from the 
present study suggest that patients’ 
self-ratings can provide accurate mea- 
sures of that disability. 

The distinction between disability 
and symptom severity may also be im- 
portant methodologically in obtaining 
self-report data. In a recent study, 
Golbe and Pae” assessed the validity 
of physical self-assessment in Parkin- 
son’s disease. Patients were asked to 
rate themselves, on a four-point scale, 
for speed of finger tapping, gait, 
tremor, and chorea. These same phys- 
ical features were rated independently 
by a neurologist. Agreement between 
the two sets of ratings, however, was 
low, with patients tending to rate 
higher. The «x values were low and 
ranged from .12 (finger-tapping) to .35 
(tremor). The authors concluded that 
quantitative self-assessment of the 
physical signs of the disease has poor 
validity in Parkinson’s disease, at least 
with the measures they employed. An 
important difference exists, however, 
between their study and the present 
one. The Golbe and Pae” patients were 
asked to rate clinical features of the 
disease, while in the present study the 
behaviors being rated were everyday 
activities. It is plausible to assume 
that the latter are more meaningful to 
the patient and, therefore, easier to 
rate. As an illustration, the patient is 
likely to be able to give a good indica- 
tion of how well he or she can walk 
without necessarily being able to rate 
the severity of gait disturbance. Simi- 
larly, a self-rating of the ease with 
which the patient can drink from a cup 
and saucer is likely to be more valid 
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than a self-rating of tremor. 

Finally, it should be noted that the 
ADL scale employed in this and previ- 
ous studies was not intended to provide 
a complete clinical assessment of the 
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patient’s level of disability. Several 
areas of functioning were omitted. 
Rather, the scale was intended to pro- 
vide a brief, global rating of disability 
for research purposes. It is hoped, 
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Pimozide Therapy for Trigeminal Neuralgia 
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Luis Arocha, MD; Simón Villa, MD; Vladimir Jiménez, MSc 


è Pimozide was compared with carba- 
mazepine in a double-blind crossover trial 
in 48 patients with trigeminal neuralgia 
who were refractory to medical therapy. 
Pimozide treatment produced greater re- 
duction in trigeminal neuralgia symptoms 
than carbamazepine treatment. All of the 
pimozide-treated patients improved, while 
only 56% of carbamazepine-treated pa- 
tients were relieved of their pain. Although 
both drugs provoked some adverse ef- 
fects, it was not necessary to interrupt the 
trialin any case. After this 24-week trial, all 
patients began receiving pimozide and 
were followed up according to an open- 
label study design. In all cases, the pi- 
mozide dosage was progressively re- 
duced until the minimal effective dose was 
reached. Central and peripheral mecha- 
nisms that may underlie pimozide-induced 
improvement are discussed. 

(Arch Neurol. 1989;46:960-963) 


Fo many years we have used dopa- 


minergic blocking agents and other 
psychoactive drugs in the treatment of 
various kinds of headache and pain 
syndromes.'? In view of the success of 
pimozide treatment in two patients 
with trigeminal neuralgia (TN),* we 
designed a double-blind crossover 
study to evaluate this drug’s therapeu- 
tic potential in treating TN. 


PATIENTS AND METHODS 
Study Population 


In this four-center study, the sample 
consisted of 48 outpatients (24 men and 24 
women) who had suffered facial pain with- 
out relief for at least 2 years. In each case, 
the diagnosis of severe TN was made by two 
or more neurologists of the Neurology Sec- 
tion of the Institute of Experimental Med- 
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icine, Central University of Venezuela 
School of Medicine, Caracas. The age range 
of the patients was 48 to 68 years (mean, 
59.3 years). Facial pain affected the right 
side in 22 cases and the left side in 26 cases. 
In all of them the second and third divisions 
were affected. The diagnosis of TN was 
made on clinical grounds. All patients had 
normal results of plain skull radiography, 
computed tomography, electroencephalog- 
raphy, air encephalography, and cerebral 
angiography, which excluded other neuro- 
logic diseases. The duration of illness 
ranged from 8 to 17 years (median, 13.2 
years). All patients had received baclofen, 
benzodiazepines, phenytoin, and carba- 
mazepine prior to this trial, obtaining par- 
tial and temporary improvement followed 
by total failure of treatment. Of all these 
drugs, carbamazepine induced the greatest 
improvement, limited as it was. Therefore, 
after the 4-week washout period, we con- 
sidered it might be again beneficial. The 
patients included in the present study 
showed TN scores of at least 75%. Placebo 
responders (improvement in TN score of 
20% or more during the placebo washout 
phase) were excluded from the study popu- 
lation. Other exclusion criteria were severe 
physical illness, history of psychotic epi- 
sodes, drug or alcohol addiction, epilepsy or 
other convulsive disorders, and mental re- 
tardation. Pregnant women and nursing 
mothers were also excluded. 

Initially, 68 patients joined the study fol- 
lowing consultation with the psychophar- 
macological and psychosomatic sections of 
the Institute of Experimental Medicine. Of 
these, 9 were not admitted to the treatment 
phase: 3 failed to come back for follow-up, 
3 were excluded because of epileptiform 
electroencephalographic abnormalities, 
and 3 improved 20% or more on their TN 
scores during the washout placebo phase. 
The patients were randomly distributed in 
two groups: group 1 received carba- 
mazepine and group 2 received pimozide 
during the double-blind first phase. Al- 
though 59 patients started the double-blind 
crossover trial, 11 were not included in the 
statistical analysis: 10 because of protocol 
deviation and 1 who did not return for the 
first week of the double-blind phase. Hence, 
the protocol was reduced to 48 patients who 
satisfied the selection criteria, 24 in group 1 
and 24 in group 2. 


Experimental Procedure 


The trial lasted 24 weeks: 4 weeks of pla- 
cebo washout, 8 weeks of treatment follow- 
ing random assignment of carbamazepine 
or pimozide, 4 weeks of abrupt withdrawal 
by placebo substitution, and 8 weeks of 
crossover treatment. Interviewers were un- 
aware of the trial design. The percentages 
were derived from the scores rated by the 


patients on the registration cards and the 
verbal information obtained from them by 
the interviewers in each visit. The inter- 
rater correlation was high, considering that 
the majority of the «x coefficients fell be- 
tween 0.75 and 0.90. The final score is the 
mean of the two interviewers’ scores. 

Patients gave informed consent before 
participating in the study. Our protocol was 
approved by the Institute of Experimental 
Medicine Ethical Committee. 


Drug Administration 


Carbamazepine (300 to 1200 mg daily) 
and pimozide (4 to 12 mg daily) were given 
within a flexible dosage regimen at four 
different levels: days 1 to 4, 300 mg/d and 4 
mg/d, respectively; days 5 to 9, 600 mg/d 
and 6 mg/d, respectively; days 10 to 14, 900 
mg/d and 8 mg/d, respectively; and day 14 
to the end of the treatment phase, 1200 
mg/d and 12 mg/d, respectively. The drugs 
were administered twice a day. All patients 
began at the low dosage, which was in- 
creased as described according to the indi- 
vidual’s tolerance and response to treat- 
ment. The investigators aimed at maximum 
therapeutic effect. Following the first dou- 
ble-blind treatment phase, abrupt with- 
drawal was carried out by placebo substi- 
tution during 4 weeks, after which cross- 
over treatment was given for 8 weeks. All 
medications were administered in identical 
dark capsules under double-blind condi- 
tions. During the study, no other psycho- 
tropic medications were allowed. Concur- 
rent use of analgesic (aspirin) was permit- 
ted for relief of acute pain attacks, but any 
medication purportedly preventing TN at- 
tacks was prohibited, ie, phenytoin, bac- 
lofen, benzodiazepines, opiates, tricyclics, 
antidepressants, etc.>* 


Assessment Procedures 


Assessment of TN symptoms was based 
on weekly interviews conducted by two 
physicians who assigned TN scores ranging 
from 0 to 100. Also, emerging adverse ef- 
fects were monitored using a checklist of 
psychic and somatic symptoms. Intensity, 
duration, and frequency of bursts of pain as 
well as periods of constant, less intense 
ache were assessed. Sensitivity of “trigger 
zones” from which attacks were provoked 
by talking, chewing, touching, and swallow- 
ing, as well as the number of pain-relief 
tablets taken during attacks in the week, 
were also investigated for the TN score. 
Throughout the study, patients kept diaries 
(registration cards) concerning the fre- 
quency and severity of symptoms, number + 
of analgesic tablets, and any untoward 
effect experienced (Table and Fig 1). Blood 
samples were taken monthly for routine 
laboratory tests and measurement of 
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plasma levels of drugs, prolactin, cortisol, 
catecholamines, and serotonin. 


Data Analysis 


Total TN scores were submitted to 3 X 2 
factorial analysis of covariance with treat- 
ment and sex as factors and initial scores as 
covariates. All statistical tests on TN mea- 
surements were two-sided. This procedure, 
appropriate for a three-period crossover 
design, tested the differences between car- 
bamazepine, pimozide, and placebo with 
respect to total TN score, as well as any dif- 
ferential effects due to sex or sequence of 
drug administration. During the initial 
double-blind phase, mean changes from 
baseline (visit 4) were calculated for visits 
5 to 12. During the crossover double-blind 
phase, mean changes from baseline (visit 
16) were calculated for visits 17 to 24. 


RESULTS 


Inspection of the means by which 
analysis of variance was calculated 
disclosed that the two treatment 
groups were comparable regarding pa- 
tient data and TN characteristics and 
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Bursts of Pain 


Pain Definitions on the Back of the Registration Card for Bursts of Pain 


Scale Definitions 


Pain present, but can be easily ignored 

Pain present, cannot be ignored, but does not interfere with everyday activities 

Pain present, cannot be ignored, interferes with concentration on chores and activities 
Pain present, cannot be ignored, interferes with all activities except taking care of basic 


Pain present, cannot be ignored, necessitates bed-rest 
cannot be ignored, prompt medical advice sought 
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Fig 1.—Registration card. 





that both carbamazepine and pimozide 
significantly reduced total TN scores 
(Fig 2); however, the effect of pimozide 
was markedly greater than that of 
carbamazepine. Pimozide produced a 
more dramatic reduction in total TN 
score (78.4% + 3.1%) than carba- 
mazepine (49.7% + 19.3%) at visit 10 
(P <.001). Similar differences were 
obtained at visits 11 and 12. Whereas 
significant improvement with pi- 
mozide was observed at visit 6, 2 weeks 
after starting treatment, carba- 
mazepine-induced improvement was 
first seen at visit 8, 4 weeks after start 
of treatment. Both pimozide and car- 
bamazepine provoked maximal im- 
provement at visit 10, 6 weeks after 
starting the treatment. While all pi- 
mozide-treated patients eventually 
improved, only 14 (58%) of the 24 
carbamazepine-treated patients im- 
proved. The therapeutic response in 
both groups disappeared progressively 
after abrupt placebo substitution, so 





that by visit 16, 4 weeks after with- 
drawal, mean total TN scores returned 
to pretreatment levels. During the 
crossover period, group 1 changed to 
pimozide and group 2 changed to car- 
bamazepine. Results obtained with pi- 
mozide treatment in group 1 patients 
during the double-blind crossover pe- 
riod paralleled results registered in 
pimozide-treated patients of group 2 
during the first double-blind period 
(Fig 2). Similarly, group 2 (receiving 
carbamazepine in the crossover pe- 
riod) behaved like group 1, which had 
received carbamazepine during the 
first double-blind period. All group 1 
patients were improved by pimozide, 
whereas only 13 (54%) of the 24 car- 
bamazepine-treated patients of group 
2 showed improvement. Maximal. re- 
sponses to carbamazepine were ob- 
tained with 900 mg daily, and to pi- 
mozide with 12 mg daily. 

On completion of the 24-week cross- 
over trial, all patients continued re- 
ceiving pimozide and were followed up 
according to an open study. All 48 pa- 
tients improved with this therapy. In 
all cases, the pimozide dosage was 
progressively reduced until the mini- 
mal effective beneficial dose was 
reached. None of the patients showed 
tolerance to pimozide treatment. In 
most cases, pimozide treatment was 
interrupted for periods of 1 or more 
weeks. Relapses were rapidly short- 
ened by the reintroduction of low doses 
of pimozide. 
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Fig 2.—Effect of pimozide (P) and carbamazepine (C) on trigeminal neuralgia (TN) in double-blind cross- 
over study. Solid line indicates group 1; dashed line, group 2; NS, not significant; single star, P < .05; dou- 
ble star, P < .01; triple star, P < .001; and vertical bars, SEs. 


Adverse Effects 


Physical and mental retardation, 
hand tremors, memory impairment, 
involuntary movements during sleep 
(jerkings), and slight Parkinson’s dis- 
ease manifestations were frequently 
observed during pimozide treatment. 
These symptoms were attenuated by 
small doses of biperiden or by reducing 
the pimozide dosage. Such adverse ef- 
fects were registered in 40 (83.3%) of 
the 48 patients and appeared between 
the fourth and sixth weeks. However, 
despite these adverse effects, all pa- 
tients refused interruption of pimozide 
therapy. 

Serious toxic effects of carba- 
mazepinetreatment were related toele- 
ments formed in the blood (1 case), ab- 
normalities of liver function (1 case), 
insidious development of sluggishness, 
both mental and physical (18 cases), 
and inappropriate secretion of vaso- 
pressin in association with a decreased 
ability to excrete a water load (1 case). 
In 1 case, erythematous exanthem was 
registered at the end of the crossover 
period but disappeared after the trial 
ended. 


COMMENT 


This study proved that pimozide is a 
successful therapeutic tool in patients 
with TN who are refractory to other 
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therapies. The pathophysiologic mech- 
anisms underlying this therapeutic ef- 
fect are unknown. 

Pimozide could act through direct or 
indirect mechanisms. Direct mecha- 
nisms are those depending on blockade 
of dopamine (DA) receptors and, 
hence, interference with DA neuro- 
transmission. Indirect mechanisms 
would depend on the changes provoked 
in other neurotransmitter systems by 
interference of DA neurotransmis- 
sion.’ Central DA systems are antago- 
nistic to central cholinergic (ace- 
tylcholine)'*"' and central serotonergic 
(5-hydroxtryptamine [5-HT]) sys- 
tems.'*'* Thus, reduction in DA activ- 
ity would favor disinhibition of the 
latter two systems.!>!® 

There are several central DA sys- 
tems (nigrostriatal, mesolimbic, meso- 
cortical, tuberoinfundibular, incerto- 
hypothalamic, and spinal). It is not 
known which one might be involved in 
the pathophysiologic mechanism of 
TN.” Taking into consideration that 
central DA systems usually decline 
with advancing age," it seems unlikely 
that central DA overactivity would 
play a role in a disease that is more 
common in the elderly. 

Regarding indirect mechanisms, pa- 
tients receiving pimozide and other 
dopaminergic blocking agents fre- 
quently show symptoms of cholinergic 


overactivity (sedation, drowsiness, 
miosis, salivation, bradycardia, hypo- 
tension, and gastrointestional hyper- 
activity). Pimozide-induced choliner- 
gic hyperactivity is easily demon- 
strated at the distal colon level when 
motility records are obtained.'*? Both 
clinical manifestations of hyper- 
cholinergic activity and rebound of co- 
lon motility are quickly annulled by 
the administration of anticholinergic 
drugs. The fact that biperiden, a cen- 
trally acting anticholinergic agent, 
does not interfere with pimozide-in- 
duced improvement in TN stands 
against the possibility that the thera- 
peutic efficacy of pimozide is mediated 
by hypercholinergic activity. 
Disinhibition of central serotoner- 
gic activity has been observed experi- 
mentally when surgical or pharmaco- 
logic manipulations interfere with 
dopaminergic and/or noradrenergic 
systems (catatonia, psychic and phys- 
ical retardation, tremors, drowsiness, 
and jerkings).**?’ Some of these symp- 
toms were observed in our pimozide- 
treated patients. Distal colon motility 
records in humans show late increases 
of motility, after the administration of 
pimozide and other dopaminergic 
blocking agents, that are annulled by | 
the administration of centrally acting 
serotonin antagonists (trazodone, 
methergoline, and mianserin), but 
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not peripherally acting ones (meth- 
ysergide).” 

The experimentally demonstrated 
fact that central 5-HT activity is re- 
sponsible for centrally induced anal- 
gesia is consistent with the possibility 
that this factor may play a role in pi- 
mozide-induced improvement.” Se- 
rotonergic nuclei located in the peri- 
aqueductal gray, raphe magnus, and 
posterior spinal horns constitute the 
fundamental pathways involved in 
central analgesic mechanisms.” The 
fact that most other patients with TN 
treated by us were also significantly 
relieved by the conjunctive adminis- 
tration of clonidine, tryptophan, and 
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clomipramine further supports the im- 
portance of central 5-HT mechanisms 
NA 

Peripheral mechanisms might also 
be involved in pimozide-induced anal- 
gesia. In a previous study we found 
that the free 5-HT plasma level (that 
fraction existing outside blood plate- 
lets) is significantly raised in patients 
with TN during relapses, decreasing to 
normal levels during painless periods.* 
This finding was confirmed in the 
present study. Elevated concentra- 
tions of circulating free 5-HT have 
been associated with headache and 
other pain syndromes.*” It is not pos- 
sible, however, to establish whether 
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the increase of free 5-HT is secondary 
to the stress of chronic pain or whether 
free 5-HT itself is able to trigger TN 
attacks. 

In summary, pimozide has proven to 
be a very useful tool in the treatment 
of severe and refractory TN. Nonethe- 
less, it is not chosen as a first option 
owing to possible side effects, which, 
however, did not deter our patients 
from continuing treatment. 
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Cognitive Function and Regional Cerebral 
Blood Flow in Partial Seizures 
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@ Patients with partial seizures have 
cognitive function impairments that have 
been attributed to the toxic side effects of 
anticonvulsants and structural cerebral 
damage. However, even when these fac- 
tors are absent, neuropsychological (NP) 
deficits have been demonstrated, al- 
though of milder degree than in structur- 
ally brain-damaged patients. Assessment 
of cerebral metabolism using positron 
emission tomography and cerebral blood 
flow with single photon emission com- 
puted tomography (SPECT) reveals focal 
physiologic deficits in structurally normal 
areas. Using both SPECT and NP assess- 
ment with the Halstead-Reitan Battery, we 
evaluated 50 patients with partial sei- 
zures. Comparison of the location of visu- 
ally identified regional cerebral blood flow 
(rCBF) deficits in these patients with the 
location of the NP deficits revealed a sig- 
nificant correlation. Additional analyses 
indicated that rCBF quantification in visu- 
ally identified areas of hypoperfusion was 
significantly lower than in ‘‘normal’’ areas 
and that quantified NP variables signifi- 
cantly discriminated patients with and 
without visual rCBF deficits in temporal 
and frontal brain regions. 
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atients with epilepsy have cogni- 

tive impairment on neuropsycho- 
logical (NP) testing in comparison to 
normal subjects.'* To some extent, this 
may be associated with underlying 
structural brain abnormalities found 
in many patients with epilepsy.2* An- 
other factor operative in some patients 
may be antiepileptic drug (AED) in- 
toxication. This has been demon- 
strated in two forms. Patients with 
measurable AED plasma elevations 
and symptoms of intoxication on neu- 
rologic examination have long been 
recognized as having NP deficits.’ More 
recent studies have demonstrated that 
polypharmacy also plays a role, even 
when no single drug exceeds the ther- 
apeutic range.‘ 

Even in patients for whom the above 
factors are controlled, however, cogni- 
tive performance deficits may be 
found. Denman and Wannamaker’ 
found NP performance deficits in epi- 
leptics without structural brain le- 
sions compared with controls. These 
deficits were less severe than in indi- 
viduals with structural lesions. Com- 
parable results have been obtained by 
Berg and Golden’ using the Luria-Ne- 
braska Neuropsychological Battery 
and by Dodrill' and others’ using the 
Halstead-Reitan Battery (HRB). 
Loiseau et al also reported significant 
memory impairment in epileptic pa- 
tients without defined brain lesions 
tested with the Wechsler Memory 
Scale. They were unable to correlate 
this impairment with the type of epi- 
lepsy, frequency of seizures, duration 
of the disease, or medication. 

Smith et al"! found abnormalities of 
both cognitive function and behavior 
in a large group of patients prior to in- 


stitution of AED therapy. Further 
analysis of these same patients has 
shown that even when structural ab- 
normalities have been excluded by 
computed tomographic (CT) scan, the 
same NP abnormalities are present 
prior to AED institution. Further- 
more, patients in whom the cause of 
epilepsy was head trauma and patients 
in whom the cause was undetermined 
were statistically similar to each 
other, but significantly different from 
controls for the majority of NP vari- 
ables tested." These findings indicate 
that NP abnormalities are associated 
with epilepsy apart from deficits pro- 
duced by gross structural brain abnor- 
malities and AEDs. 

Interictal studies of cerebral metab- 
olism using positron emission tomog- 
raphy (PET)" and cerebral blood flow 
using single photon emission com- 
puted tomography (SPECT)" have re- 
vealed regions of physiologic abnor- 
mality in apparently structurally nor- 
mal brains of patients with partial 
seizures. Engel et al used fludeoxy- 
glucose F 18 (F-FDG) to evaluate the 
regional cerebral metabolic rate for 
glucose, and Bernardi et al used 0, 
to evaluate the regional cerebral met- 
abolic rate for oxygen. Both groups 
found areas of impaired metabolic ac- 
tivity not only at the primary epileptic 
site but also in other locations as well. 
We have used dynamic single photon 
emission computed tomography 
(DSPECT) to study patients with par- 
tial seizures.” With this technique, we 
have found regional cerebral blood 
flow (rCBF) deficits that are distrib- 
uted similarly to the metabolic deficits 
described by Engel et al!’ and Bernardi 
et al.” 


Partial Seizures—Homan et al 


» 
wah} * 


Table 1.—Distribution of Seizure 
Types 


Simple partial 
Complex partial 
Secondarily generalized 
Mixed 
Simple, complex partial 
Complex partial, secondarily 
generalized 
Simple, complex partial, 
secondarily generalized 


We hypothesized that cognitive def- 
icits found in epileptic patients in the 
absence of structural lesions or AED 
toxic effects might be associated with 
the focal interictal metabolic and 
rCBF deficits seen with PET and 
DSPECT. To examine this possible as- 
sociation, we performed DSPECT and 
extensive NP testing on a series of pa- 
tients with partial epilepsy and 
grossly normal brain structure. In a 
preliminary communication compar- 
ing DSPECT analysis of rCBF with NP 
testing, we found a correlation be- 
tween cognitive impairment and rCBF 
deficits.! This report describes a more 
extensive analysis in a larger series of 
patients evaluated by the same tech- 
niques. 


SUBJECTS AND METHODS 
Subjects 


Informed consent was obtained for par- 
ticipation in the study from 50 right- 
handed epileptic patients (47 men and 3 
women) following a full explanation of both 
DSPECT and NP testing procedures. All 
patients had partial seizures according to 
the current international classification of 
epileptic seizures.” The diagnosis was 
based on a history of recurrent stereotyped 
events and at least appropriately located 
interictal spike discharges on electroen- 
cephalogram (EEG). In some cases, sei- 
zures were documented via observation by 
an experienced professional observer and/ 
or closed-circuit television and EEG. All 
types of partial seizures were included. The 
breakdown of seizure types is indicated in 
Table 1. Several patients had more than one 
type of seizure. For the patients who had 
more than one type of seizure, the seizure 
types are listed separately with simple 
partial seizures listed when these differed 
from the patient’s usual aura associated 
with complex partial seizures. Patients 
were 39.5 + 11 years old (mean + SD) with 
an education level of 12.6 + 2.5 years 
(mean + SD). 

Exclusion criteria included gross cere- 
bral structural abnormality as defined by 
CT scan, or associated cerebrovascular 
anomalies. For example, patients who were 
thought to have arteriosclerotic cere- 
brovascular disease either as a cause of or 
associated with their epilepsy (past or cur- 
rent history of cerebrovascular accident, 
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Fig 1.—Dynamic single photon emission computed tomography section 2 (left) in normal subject 
with overlay (right) showing computer-generated regions of interest for quantification of regional 
cerebral blood flow. 


transient ischemic attack, uncontrolled hy- 
pertension, or carotid bruit) were excluded 
even if the CT scan was normal. The CT 
scans were performed with contrast. Mag- 
netic resonance imaging was not used. Pa- 
tients with a history of substance abuse or 
psychopathology requiring major tranquil- 
izers, antidepressants, or electroconvulsive 
therapy were also excluded. 

Twenty of the 50 patients were believed to 
have epilepsy secondary to head trauma, 
while 30 cases were of undetermined origin. 
Seizure frequency and duration were not 
used as inclusion/exclusion criteria. In nine 
patients, seizures had been completely con- 
trolled for 6 months or longer at the time of 
the study. In the remainder, seizure fre- 
quency out of the hospital ranged up to two 
per day. Eight patients were receiving no 
AEDs at the time of testing, 24 were re- 
ceiving monotherapy, 15 were receiving two 
AEDs, and three were taking three AEDs. 
Twelve patients were taking a barbiturate 
when tested. Patients were clinically free of 
AED toxic side effects at the time of NP and 
SPECT testing and had AED levels below 
the toxic range. 


DSPECT Technique 


The technique has been described in de- 
tail elsewhere.” Briefly, xenon 133 is ad- 
ministered in tracer amounts (10 mCi/L) in 
an oxygen/air mixture for 1 minute fol- 
lowed by room air for a 3-minute washout 
phase. The tomograph (Tomomatic 64, Med- 
imatic A/S, Copenhagen, Denmark) con- 
sists of 64 sodium iodide detectors arranged 
in four linear arrays in a hollow-square 
configuration. These are located on a wheel 
that rotates around the subject’s head at a 
rate of 6 rpm. Photon emissions are focused 
by lead collimators to provide three hori- 
zontal images, each 2 cm thick, arranged 
parallel to the canthomeatal line with cen- 
ters located at 2, 6, and 10 cm above the 
canthomeatal line. Subjects are studied ly- 
ing supine with eyes open in a dimly lit 
room. Nonvarying background noise is pro- 
vided by equipment cooling fans and a vac- 
uum used to eliminate stray xenon. Expira- 
tory carbon dioxide (CO,) values were ob- 
tained at the beginning and end of the study 
as an indication of end-tidal pulmonary 
partial pressure of CO, and indirectly of 
Paco . 


Data obtained are of two types. The first 
is a visual display of the three images in ei- 
ther a 16-shade color scale” or in 16 shades 
of black and white. This display reveals 
flow 2 em above the canthomeatal line in 
inferior frontal and inferotemporal areas, 
and the cerebellum (section 1); at 6 cm in 
frontal, parietal, posterotemporal, occipi- 
tal, central gray, and central white areas 
bilaterally (section 2); and at 10 cm in the 
superior frontal and parietal areas (section 
3). Resolution is 1.7 cm in the transverse 
plane. These data are used to define visually 
areas of focal flow abnormalities. Normal 
images reveal interhemispheric symmetry 
with no prominent areas of increased or 
decreased flow within hemispheres. Exam- 
ples of normal images with this technique 
have been pulished previously.” 

In addition, an automated program pro- 
vides quantitation of rCBF in the infero- 
temporal areas and cerebellum at 2 cm and 
in all areas as well as both hemispheres at 
6 cm (Fig 1). This technique provides flow 
measurement in milliliters per minute per 
100 g for the various lobar regions of inter- 
est without introduction of observer bias in 
the reconstruction of the areas to be 
quantified.” Flow values in 97 normal con- 
trols have been published elsewhere.” For- 
ty-eight control subjects were selected from 
this larger sample to provide a control 
group matched for age and sex to our 
patient group for the purpose of comparing 
quantification of rCBF. In addition to flow 
values for this control sample, local-hemi- 
spheric flow ratios (L/HR) were developed 
according to the following formula: Re- 
gional flow/hemisphere flow =x (where 
flow rates were milliliters per minute per 
100 g). This ratio was found to be more sen- 
sitive to across-subject relative hypoperfu- 
sion than raw flow values due to the high 
intersubject variability in total brain blood 
flow for both controls and patients. 

The DSPECT examination was perfom- 
red on 50 patients in the interictal state 
(determined clinically) within 48 hours of 
the start or completion of NP testing. The 
DSPECT images were interpreted indepen- 
dently by two of us (M.D.D. and F.J.B.) who 
were “blinded” for the location of the epi- 
leptic focus (foci) and the neuropsycholog- 
ical findings. Two cortical areas of lowest 
flow were determined from section 2 re- 
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gardless of whether the DSPECT image 
was believed to be normal or abnormal. For 
images where more than two areas were vi- 
sually identified as hypoperfused and to re- 
solve any disagreement between the inves- 
tigators, actual flow values were compared 
with normal mean rCBF” to determine the 
two areas of lowest flow. Agreement for vi- 
sual identification occurred over 95% of the 
time. 


Neuropsychological Testing 


Patients were not tested within 24 hours 
of a clinically recognized seizure if plasma 
anticonvulsant levels were found to exceed 
the therapeutic range or if clinical intoxi- 
cation was present. Neuropsychological 
evaluation took 2 days and was performed 
by a trained examiner. Tests administered 
included the HRB,* Wechsler Adult Intel- 
ligence Scale-Revised,” and the Russell re- 
vision of the Wechsler Memory Scale.”* The 
preceding instruments were administered 
and scored according to instructions in 
their respective manuals. 

The combined results of these tests were 
analyzed independently by two neuropsy- 
chologists (R.G.P. and P.W.) who were 
blinded for EEG and DSPECT findings. 
Based on studies that have shown that 
within-subject analysis of NP performance 
patterns is effective in identifying localized 
brain dysfunction,”” the raters selected 
the two most severely impaired brain areas 
for each individual using the pattern of re- 
sults. For example, deficits in verbal mem- 
ory, naming, and phoneme discrimination 
resulted in a designation of left temporal 
lobe impairment. Raters agreed on 68 of 100 
areas. A third rater was used to resolve 
disagreements for the remaining 32 areas. 
For quantified analyses comparing NP 
function with rCBF, raw scores from the 
HRB and the Wechsler Memory Scale were 
used. These scores were also used in addi- 
tional NP comparisons between groups of 
patients (1) with either idiopathic or post- 
traumatic seizure etiologies; (2) who had 
partial seizures with or without secondary 
generalization; (3) receiving none or one 
anticonvulsant and those receiving two or 
three anticonvulsants; and (4) receiving 
barbiturates and those who were not. 


RESULTS 
DSPECT Technique 


Thirty-nine patients had abnormal 
rCBF images with a total of 78 well- 
defined areas of visually defined hy- 
poperfusion. In the remaining 11 sub- 
jects, DSPECT images were within 
normal limits. Figure 2 indicates the 
findings in section 2 for two different 
patients. For patient 1, definite areas 
of relative hypoperfusion are seen in 
the left and right posterotemporal ar- 
eas. For patient 2, the DSPECT image 
is considered to be within normal lim- 
its, although mild hypoperfusion may 
be seen in the right frontal and left 
posterotemporal areas. In both cases, 
actual flow values in these focal areas 
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were above mean flow in controls. For 
patient 1, flow values were 79 mL/ 
min/100 g in the left temporal area and 
84 mL/min/100g in the right temporal 
area, while for patient 2, they were 78 
mL/min/100g in the left temporal area 
and 76 mL/min/100g in the right fron- 
tal area. Flow values (mean + SD) for 
the group of 48 age- and sex-matched 
controls in these areas were left tem- 
poral 63 + 11, right temporal 66 + 12, 
and right frontal 64 + 10 mL/min per 
100 g. (These rCBF values are slightly 
less than our published values?’ due to 
the older age and higher proportion of 
males in this age/sex-matched control 
group.) However, the patients’ L/HR 
were decreased in these areas in com- 
parison to controls. For patient 1, 
these values were left temporal, 0.90, 
and right temporal, 0.96; for patient 2, 
they were left temporal, 0.89, and right 
frontal, 0.93. Control values for those 
areas were left temporal, 0.95 + 0.06 
(mean + SD), right temporal, 0.98 + 

0.06, and right frontal, 0.97 + 0.05. 
Even the L/HR are not significantly 
different on a case-by-case basis, but 
analysis of the group findings, dis- 
cussed below, does reveal that visually 
identified areas of hypoperfusion are 
significantly different from visually 
normal areas. 

No differences were found in the 
frequency or severity of focal hypo- 
perfusion between traumatic and idio- 
pathic groups or between partial sei- 
zures only and partial seizures with 
secondary generalization. Mean 
(+ SD) expiratory carbon dioxide val- 
ues (in % expired CO,) for patients 
were initial, 4.3 + 1.0, and final, 
4.0 + 1.1. For controls, these values 
were 4.2 + 0.8 and 4.1 + 0.6. These 
values did not differ significantly for 
the patient group from the beginning 
to the end of the study, nor did they 
differ from normal controls. 

We also established that L/HR cor- 
relate with visually identified hypo- 
perfusion. We compared the L/HR of 
visually identified areas of hypoperfu- 
sion to the same region of patients 
without visually identified hypoperfu- 
sion. Hypoperfusion was seen most 
frequently in frontal and temporal ar- 
eas bilaterally, and only rarely in pa- 
rietal and occipital areas. Figure 3 in- 
dicates the findings for this analysis. 
For left frontal and both temporal ar- 
eas, L/HR were significantly lower in 
visually identified areas of hypoperfu- 
sion than in “normal” areas. Levels of 
significance on Student’s ¢ test were 
left temporal, P < .05, right temporal, 
P < .02, and left frontal, P < .002. The 
right frontal area showed a nonsignif- 
icant trend in the same direction. 





Fig 2.—Dynamic single photon emission com- 
puted tomography section 2 in two subjects. 
Flow scale ranges from O to 144 mL/min per 
100 g with each step equal to 9 mL/min per 
100 g. Patient’s left is on reader's left, anterior 
is up. Patient 1 (top) shows bitemporal hypo- 
perfusion; patient 2 (bottom) is considered 
within normal limits with mild right frontal and 
left posterior temporal hypoperfusion. 


Neuropsychological Testing 


Group means and SDs on all NP 
measures are presented in Table 2. The 
patient sample manifested average in- 
telligence and only mild impairment of 
NP function on the HRB. This is con- 
sistent with previous findings that ep- 
ileptic patients without structural 
brain lesions demonstrate relatively 
mild NP deficits.?!? However, as ex- 
pected, memory measures reflected the 
greatest deficit with impairment 
scores ranging from mild to severe on 
the Wechsler Memory Scale. 

Correlation of Visual Analysis of 
DSPECT and NP Interpretation.— 
Visual ratings of each patient’s two 
least-perfused brain areas in section 2 
(from the eight regions of interest dis- 
cussed earlier) were compared with 
ratings of the two areas most impli- 
cated by NP deficit patterns. Although 
rCBF and/or NP performance deficits 
were relatively mild in many cases, at 
least one low-flow region matched one 
neuropsychologically impaired region 
in 43 of 50 patients. 

Subjects depicted in Fig 2 were cho- 
sen to illustrate the above procedure. 
In both cases, visually identified low- 
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flow regions exactly matched regions 
showing NP deficit. For example, pa- 
tient 1 (bitemporal rCBF and NP def- 
icits) manifested problems with se- 
mantic memory and naming, as well as 
logical visual analysis and left audi- 
tory suppression. The DSPECT image 
for patient 2 was believed to be within 
normal limits. However, mild hypo- 
perfusion can be seen in the right 
frontal and left temporal areas, and 
NP testing implicated these same ar- 
eas. The patient had problems with 
left-sided motor functions, as well as 
semantic memory and phoneme dis- 
crimination. Thus, NP impairment 
may be seen not only in individuals 
with prominently abnormal rCBF but 
also in persons with mild asymmetry 
in rCBF distribution. 

A seatterplot of rCBF and NP rat- 
ings for the entire sample is presented 
in Fig 4. Diagonal cells represent exact 
agreement between rCBF and NP rat- 
ings. Significant agreement between 
the two sets of ratings was found using 
the x statistic.*°*! Briefly, x is a nominal 
index of reliability/validity that re- 
flects the proportion of agreement be- 
tween two sets of ratings, corrected for 
chance. Calculation of x is as follows: 
xk = (Po — Pc)/(1 — Pc), where Po is 
the observed proportion of agreement, 
and Pc, the expected proportion of 
chance agreements. 

From the present data, it was calcu- 
lated that blood flow ratings and NP 
ratings would be expected to agree 
22% of the time by chance (Pc = .22). 
Therefore, 22 cases would be expected 
to fall in the agreement diagonal. Ac- 
tual agreement occurred, however, in 
51 of 100 ratings with over twice as 
many ratings in agreement as would 
have been expected by chance alone. 
The highly significant « of .37 
(P < .001) indicated that observed rat- 
ings agreed 37% of the time, even af- 
ter all chance agreements were re- 
moved. There was a particularly high 
degree of correlation seen in the fron- 
tal and temporal regions bilaterally. 
Relatively few ratings were made in 
the parietal and occipital regions. To 
exclude the possibility that the find- 
ings could be caused by an unrecog- 
nized differential sensitivity of the 
testing procedures leading to underi- 
dentification of some areas, we also ran 
x on a 4 X 4 matrix excluding occipital 
and parietal areas. The « for this anal- 
ysis was .43 (P < .001). 

Relationship Between Visual rCBF Rat- 
ings and Quantified NP Test Scores.—In 
addition to the within-subject, case- 
by-case visual analysis, we also exam- 
ined whether groups of patients with 
visually identified specific flow deficit 
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Fig 3.—Comparison of the quantified regional-to-hemispheric regional cerebral blood flow ratios 
for visually normal (open bars) and hypoperfused (solid bars) areas reveals them to differ signif- 
icantly in the left frontal and both temporal areas. NS indicates not significant. 







Table 2.—Mean Scores of Epilepsy Sample on Major Neuropsychological 
(NP) Measures 


impairment 

















NP Measure Mean SD Level 
Wechsler Adult Intelligence Scale-Revised* 
Verbal IQ 98.5 14.2 Normal 
Performance IQ 97.6 12.6 Normal 
Full-scale IQ 98.0 13.6 Normal 
Halstead-Reitan Batteryt 
Category errors 56.2 30.7 Mild 
Tactual Performance Test 
Total time, min 19.7 6.8 Mild 
Memory 6.6 1.8 Normal 
Localization Be i 1.8 Mild 
Seashore Rhythm errors 5.4 3.3 Normal 
Speech Sounds Perception 
errors 10.7 6.5 Mild 
Tapping—right hand 45.8 8.0 Mild 
Tapping—left hand 41.5 6.8 Mild 
Trails A time, s 38.9 16.6 Mild 
Trails B time, s 97.1 46.2 Mild 
Sensory Perceptual errors 10.5 11.2 Normal 
Aphasia Screening errors 4.4 §.1 Normal 
Halstead Impairment Index 0.6 0.3 Mild 
Average Impairment Rating 1.6 0.6 Mild 
Wechsler Memory Scale (Russell revision) * 
Immediate Semantic Memory 13.7 6.3 Moderate-severe 
Delayed Semantic Memory 8.8 6.2 Mild-moderate 
Percent Recall Semantic Memory 58.1 26.4 Mild-moderate 
Immediate Figural Memory 8.9 3.2 Mild 
Delayed Figural Memory 7.0 4.1 Mild 
Percent Recall Figural Memory 75.2 29.3 Mild 





* Based on WAIS-R,2° Russell, and Russell et al*® classification criteria. 
+Sensory Perceptual Errors examination and Aphasia Screening errors test scored according to Russell et 
al*® criteria. 
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Fig 4.—Correlation between focal neuropsychological (NP) deficit and focal regional cerebral 
blood flow (rCBF) impairment. No seizure foci, flow, or NP deficits were found in the occipital lobes. 


Shaded boxes are areas of agreement. 


(ie, left temporal, right temporal) 
could be discriminated from patients 
with normal rCBF in those regions by 
quantitative scores on NP measures. 
Patients with visually identified 
“normal” rCBF were contrasted with 
patients with “abnormal” rCBF in the 
left temporal, right temporal, left 
frontal, and right frontal regions in 
their performance on a subset of NP 
tests. Several of these measures have 
demonstrated sensitivity to lateral- 
ized/localized brain dysfunction. The 
following NP variables were entered 
into four stepwise discriminant func- 
tion analyses” to predict rCBF group 
membership: Category Test, Trails A, 
Trails B, Seashore Rhythm Test, 
Speech Sounds Perception Test, Tac- 
tual Performance Test—Memory and 
Localization, Aphasia Screening Test, 
Tactual Performance Test—right and 
left hands, Finger Tapping—right and 
left hands, Semantic Memory—Imme- 
diate and Delayed, Figural Memory — 
Immediate and Delayed, and Sensory- 
Perceptual Examination—right and 
left sides. 

The NP tests measure functions sub- 
served by a number of brain regions. 
Therefore, a perfect one-to-one rela- 
tionship between NP scores and visual 
rCBF deficits was not expected. Never- 
theless, stepwise discriminant func- 
tion analyses revealed predictive rela- 
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tionships between deficits on specific 
NP tests and visually identified rela- 
tive hypoperfusion, particularly in the 
left and right temporal regions. Right 
Finger Tapping, Immediate Semantic 
Memory, and Delayed Figural Memory 
predicted 80% of the patients with vi- 
sually identified left temporal hypo- 
perfusion and 70% of the patients with 
normal left temporal rCBF (Wilks’ 
A = .73, P < .002). Another discrimi- 
nant function analysis identified 80% 
of the patients with visually identified 
right temporal rCBF deficits and 
83.3% of the patients with normal 
right temporal rCBF (Wilks’ \ = .522, 
P < .001). The eight contributors to 
this function, in order of their entry 
into the model, were Tactual Perfor- 
mance Test Localization, Left Finger 
Tapping, Delayed Figural Memory, 
Seashore Rhythm Test, Left Sensory- 
Perceptual Examination, Right Senso- 
ry-Perceptual Examination, Trails A, 
and Speech Sounds Perception. The 
first five of these are measures fre- 
quently associated with right hemi- 
sphere and, often, right temporal func- 
tion. Thus, NP variables theoretically 
associated with left and right tempo- 
ral brain regions tended to be the best 
predictors of rCBF deficit in these 
regjons.?*37 

Although NP tests also predicted 
the presence or absence of left and 


right frontal visual rCBF deficit, these 
relationships were weaker than for the 
temporal lobes. Only 74.2% of the pa- 
tients with visually identified left fron- 
tal rCBF deficit were correctly classi- 
fied as abnormal by the discriminant 
function, although 84.2% of patients 
with normal left frontal rCBF were 
classified as normal (Wilks’ \ = .63, 
P <.01). The NP measures contribut- 
ing to this discrimination were Left 
Finger Tapping, Left Sensory-Percep- 
tual Examination, Category Test, Sea- 
shore Rhythm Test, Speech Sounds 
Perception Test, Immediate Figural 
Memory, Trails B, and Trails A. Right 
frontal visually identified rCBF abnor- 
mality was predicted by NP tests in 
81.3% of the cases. However, only 
64.7% of patients with normal frontal 
rCBF were identified as such (Wilks’ 
A = .74, P < .007). Four variables, Tac- 
tual Performance Test Localization, 
Right Finger Tapping, Immediate Se- 
mantic Memory, and Trails A, discrim- 
inated normal and abnormal rCBF 
groups. These findings recall the less 
reliable association between visually 
identified frontal deficits and L/HR 
shown in Fig 3. They are also consis- 
tent with the notion that frontal lobe 
functions are often not as easily local- 
izable as those in more posterior sen- 
sory-processing brain regions.” 

Finally, the contributions of seizure 
etiology, presence or absence of sec- 
ondary generalization, and AED regi- 
men to current NP results were ana- 
lyzed. The HRB Impairment Index did 
not differ significantly on t test 
(P > .10) for any of these comparisons. 
Moreover, t test comparisons were also 
nonsignificant on all individual NP 
measures. 


COMMENT 


Our study confirms earlier findings 
that reveal NP abnormalities in epi- 
leptic patients without gross struc- 
tural abnormalities.’*!*!2!* More im- 
portantly, however, our results estab- 
lish in seizure patients concordance 
between NP deficits and rCBF impair- 
ment even when the latter is minimal. 
Thus, they extend previous work by 
demonstrating that relative changes 
in rCBF defined by DSPECT images 
can be associated with localized NP 
deficits even when flow quantification 
is not abnormal. Pattern analysis of a 
single individual’s entire set of NP 
scores may be particularly likely to 
uncover subtle deficits associated with 
hypoperfused regions in either hemi- 
sphere. The preponderance of frontal | 
and temporal abnormalities that we 
found apparently reflects the well- 
known propensity of this disease for 
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these areas. 

The L/HR reveal that quantified 
rCBF is less in visually hypoperfused 
areas than in visually normal areas for 
the temporal lobes bilaterally and the 
left frontal lobe, supporting the valid- 
ity of the visual identification of ab- 
normality. That NP data can predict 
visually identified hypoperfusion for 
both temporal lobes further estab- 
lishes that these areas are clinically 
important. These findings are similar 
to those reported by Berent et al,” who 
found a correlation between relative 
left and right hypometabolism and, 
respectively, verbal and visual mem- 
ory. 

The primary application of func- 
tional neuroimaging in epilepsy has 
been the location of the epileptogenic 
focus. Our findings demonstrate an 
important new application of this 
technology. Patients with localization- 
related epilepsy may warrant a func- 
tional neuroimaging study if there are 
symptoms or findings of cognitive 
function abnormality. 

Visually identified temporal lobe hy- 
poperfusion correlated with temporal 
lobe rCBF quantification, NP pattern 
analysis, and quantified NP deficits. 
We also found a correlation between 
visually identified frontal lobe hypo- 
perfusion and both NP pattern analy- 
sis and NP quantification, although to 
a lesser extent than for temporal lobes. 
A significant correlation between vi- 
sually identified hypoperfusion and 
rCBF quantification was found for the 
left frontal lobe, but not for the right 
frontal lobe. Theodore et al” found ev- 
idence for frontal hypometabolism ip- 
silateral to the EEG focus to a lesser 
extent than temporal hypometabo- 
lism. It appears that frontal lobes are 
subject to hypometabolism/hypoper- 
fusion and NP deficits, but less consis- 
tently than temporal lobes. 

Although we attempted to demon- 
strate a direct relationship between 
quantified NP data and quantified 
rCBF findings, we were unable to dem- 
onstrate statistical significance for 
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these correlations. Several factors 
may contribute to this difficulty. We 
found wide variability of rCBF quan- 
tification in both controls* and pa- 
tients, a finding previously noted by 
Engel et al and more recently by 
Theodore et al in studies using 'F- 
FDG PET. Second, the DSPECT tech- 
nique does not provide continuous data 
for all brain areas. Finally, the anal- 
ysis of quantitative NP-rCBF relation- 
ships may have been influenced ad- 
versely by the generally mild impair- 
ment levels on many NP tests. 

Future studies could potentially re- 
fine NP-rCBF correlations. More com- 
plete sampling of the temporal lobe 
would almost certainly accomplish 
this. Further, we used regions of in- 
terest that were constructed to include 
cortex for an entire anatomic lobe. 
Brodmann" defined several histologi- 
cally distinct areas in each lobe. It 
seems probable that functional areas 
are at least as varied. Thus, with im- 
proved SPECT resolution, more re- 
stricted regions of interest may show 
greater correlations with some specific 
functions. Another approach that 
could further enhance correlations 
with flow quantification recognizes 
that NP testing requires mental acti- 
vation. Our DSPECT studies were 
done with the patient in a mentally 
“resting” state. Analysis of “acti- 
vated” rCBF values requires states of 
mental activation that can be main- 
tained for the duration of the study. 
The DSPECT technique, with a study 
duration of only 4 minutes, offers 
greater potential for this type of anal- 
ysis than the longer duration “F-FDG 
PET technique. 

Although our findings demonstrate 
an association between focal rCBF def- 
icits and focal NP abnormalities, they 
do not establish a cause-effect rela- 
tionship. Engel et al? have reported 
improved focal regional cerebral met- 
abolic rate for glucose with improved 
seizure control. This might be expected 
to result in improved focal cognitive 
function. Conversely, Theodore et al” 
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have found increased regional cerebral 
metabolic rate for glucose with discon- 
tinuation of barbiturate AEDs in pa- 
tients who remained on a regimen of 
other AEDs. These authors suggested 
that the adverse NP effects of phe- 
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the reductions of glucose metabolism 
that they found. They also reported a 
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cally important, areas of impairment. 
As resolution of functional imaging 
techniques improves, it may be possi- 
ble to refine localization of the milder 
degrees of NP abnormality. Increased 
experience in correlating neuroimag- 
ing and NP testing may be of value in 
the pharmacologic management of ep- 
ileptic patients. 
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Hereditary Motor and Sensory Neuropathy 


With Optic Atrophy 


Ultrastructural and Morphometric Observations on 


Nerve Fibers, Mitochondria, and Dense-Cored Vesicles 


Claudia Sommer, MD, J. Michael Schréder, MD 


@ Nerve biopsy specimens from three 
cases of hereditary motor and sensory 
neuropathy with optic atrophy were stud- 
ied by light and electron microscopy and 
by morphometry. All cases had a chronic 
neuropathy of the neuronal/axonal type 
with little, presumably secondary, demy- 
elination. There was predominant reduc- 
tion of the large-caliber population of my- 
elinated and unmyelinated nerve fibers. 
The number of dense-cored vesicles in 
unmyelinated and small myelinated fibers 
was increased. Abnormal mitochondria in 
Schwann cells with paracrystalline inclu- 
sions, prominent cristae including para- 
crystalline material (cases 1 and 2), and 
axonal mitochondria with presumable hy- 
droxyapatite crystals (case 3) were found. 
The morphologic results suggest that he- 
reditary motor and sensory neuropathy 
with optic atrophy should be regarded as 
a separate entity within the hereditary 
motor and sensory neuropathy group. 

(Arch Neurol. 1989;46:973-977) 


Reports on biopsy findings in hered- 

itary motor and sensory neuropa- 
thy (HMSN) with optic atrophy 
(HMSN VI according to Dyck et al’) 
are rare. Sural nerve has only been 
studied on two occasions??? and pero- 
neus muscle on three** in patients with 
this association. We had the opportu- 
nity to examine nerve biopsy speci- 
mens systematically by detailed mor- 
phometric and light and electron mi- 
croscopic methods from three such 
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patients and a muscle biopsy specimen 
from one of them. Changes in Schwann 
cell mitochondria and in the number of 
dense-cored vesicles are presented for 
the first time, to our knowledge. Mito- 
chondrial alterations, in fact, may be 
of particular interest in cases of Le- 
ber’s optic atrophy, since maternal 
transmission is a possible mode of in- 
heritance in this condition.’ 


MATERIALS AND METHODS 


Tissue samples of sural nerve and long 
peroneus muscle were obtained from three 
patients; the essential clinical data are 
summarized in the Table, and further clin- 
ical details have been described in unpub- 
lished data of Cornelius Weiller, MD, and 
Andreas Ferbert, MD. Sural nerve speci- 
mens from two patients with clinically and 
morphologically confirmed HMSN of the 
neuronal type (HMSN II) and morphologi- 
cally normal sural nerve specimens from 
three patients aged 17, 20, and 65 years 
served as controls. The latter three patients 
underwent biopsy because of suspected 
chronic Guillain-Barré syndrome (control 


patient 2) or generalized vasculitis (control 
patients 1 and 3). They were ultimately di- 
agnosed as having complicated migraine 
(control patient 1), spinal muscular atrophy 
(control patient 2), and cerebrovascular ac- 
cident (control patient 3), that is, diseases 
usually not affecting the sural nerve. 
Preparation of nerve and muscle speci- 
mens for semithin and ultrathin sections 
was performed using standard methods.’ 
Ultrathin sections were examined with an 
electron microscope (Philips EM 400 T, 
Eindhoven, the Netherlands) equipped with 
a eucentric goniometer stage that allowed 
tilting of the grid up to +60°. Teased fibers 
from case 1 were prepared according to the 
method of Dyck et al.' Morphometry was 
performed on electron microscopic photo- 
graphs at X12600 using an interactive im- 
age analysis system (IBAS I, Zeiss, 
Oberkochen, West Germany).* Diameters 
were derived from perimeters presuming 
circularity of axons and fibers. The data 
were processed to obtain histograms of the 
axonal and total fiber diameter, myelin 
sheath thickness, and circularity factor, as 
well as scatter diagrams for the ratio be- 
tween fiber diameter and myelin thickness. 
A statistical analysis (Mann-Whitney U 


Clinical Data of Patients With HMSN VI* 


Age at Age at 

Case/ Onset of Loss of 

Age, y/ Gait Vision, 
Sex Disturbance, y y 








1/15/M 15 


Clinical Feature 


Pes cavus; atrophy of lower 
limbs; absent ankle jerks; 


Sural Nerve 
Conduction 
Velocity, 
m/s 


Inheritance 
Mode 


Autosomal 
dominant 








pallhypesthesia; visual acuity 
below 1/10; optic discs pale 


2/19/M b 17 


Pes cavus; absent ankle jerks; 


Unknown 


pallhypesthesia; visual 
acuity, 3/10 OD, 5/10 OS; 
sensorineural deafness 
R > L; optic discs pale 


3/64/M Adolescence 19 


Pes cavus; absent ankle jerks; 
distal muscular wasting; 


Autosomal 
dominant 


pallhypesthesia; 
wheelchair-bound; complete 
blindness in right eye; light 
and dark perception in left 
eye; optic discs pale; 
tapetoretinal degeneration 





*HMSN VI indicates hereditary motor sensory neuropathy with optic atrophy. 
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test, correlation analysis) was performed 
subsequently. In a preliminary study, 
dense-cored vesicles were counted in indi- 
vidual axons on representative electron 
microscopic photographs from 20 different 
nonselected neuropathies. Subsequently, in 
the HMSN cases and the three control pa- 
tients, 600 nerve fibers were examined per 
case. 


RESULTS 


Light microscopy revealed some hy- 
pomyelinated axons as well as 
atrophic axons with disproportion- 
ately thick myelin sheaths. Teased fi- 
bers from case 1 occasionally showed 
abnormalities: a few intercalated 
short internodal segments as well as 
some degenerated fibers with rows of 
myelin ovoids. The muscle biopsy spec- 
imen from case 1 showed mild neuro- 
genic muscular atrophy. 

Fiber density of myelinated fibers 
was reduced in all three cases (Fig 1). 
Unmyelinated fibers were reduced in 
cases 2 and 3 but not in case 1 where 
there was an increase in small regen- 
erated axons (Fig 2). Loss of larger fi- 
bers (myelinated as well as unmyeli- 
nated ones) predominated in cases 1 
and 2 with an increase of small-diam- 
eter fibers due to regeneration (Figs 1 
and 2). The regression line for the ra- 
tio between axon diameter and myelin 
sheath thickness was not appreciably 
altered compared with the age- 
matched controls, although the fiber 
proportions were more widely scat- 
tered and the correlation coefficient 
was slightly decreased (.76 to .86 in 
HMSN VI cases vs .88 to .90 in con- 
trols). 

Electron microscopy of the nerve bi- 
opsy specimens (Fig 3), revealed only 
occasional onion bulb formation (Fig 8, 
middle and top left). Bands of Bueng- 
ner (ie, bundles of proliferated 
Schwann cell processes without or 
with regenerated axons of myelinated 
and unmyelinated nerve fibers) were 
seen repeatedly (Fig 3, middle and top 
center and right) as well as collagen 
pockets and endoneural myelin debris. 
A striking feature was the markedly 
increased number of dense-cored vesi- 
cles (70 to 90 nm in diameter) in both 
unmyelinated and small myelinated 
fibers. Figure 3, bottom, shows six ax- 
ons containing abundant dense-cored 
vesicles in addition to an increase of 
other axoplasmic organelles and sub- 
stances. Dense-cored vesicles were 
found in 35% (cases 1 and 2) and 18% 
(case 3) of the nonmyelinated axons 
and in 28% (case 1), 22% (case 2), and 
21% (case 3) of small myelinated ax- 
ons. In the control patients, fewer ax- 
ons contained dense-cored vesicles 
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63 y 
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abetting 
10 20 


Total Fiber Diameter, um 


7000 Fibers / mm’ 


4600 Fibers /mm* 


Control 1 
17 y 
8900 Fibers /mm? 





Control 2 
22 y 
9900 Fibers / mm? 


Control 3 
65 y 
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Fig 1.—Histogram of total fiber diameters of myelinated nerve fibers as obtained by morphometric 
measurements on electron micrographs. There is a reduction of large-diameter myelinated fibers 
in cases 1 and 2 and an increase in number of small-diameter fibers (regeneration) in all three 


cases (left) and compared with controls (right). 


(Fig 4). In the two cases of HMSN II 
that were investigated in parallel, the 
total number of unmyelinated axons 
containing dense-cored vesicles was 
increased in comparison with normal 
controls, but to a lesser extent than in 
the HMSN VI cases (Fig 4). 

Enlarged mitochondria with 
paracrystalline inclusions (Fig 5, bot- 
tom right) could be seen in all biopsy 
specimens from the HMSN VI cases, 
but neither in the normal nor in the 


pathologic controls (HMSN II). Also, 
in cases 1 and 2, several enlarged 
mitochondria in the cytoplasm of 
Schwann cells contained three or four 
closely opposed prominent cristae. Af- 
ter tilting the goniometer stage of the 
electron microscope to an optimally 
transverse angle, the intracristal 
space measured 8 nm wide and was 
filled with a paracrystalline substance 
showing obliquely oriented, fine stria- 
tions with a regular spacing of about 
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14nm (Fig 5, top right and middle left). 
In case 3, this type of crista could not 
be found, but some intra-axonal mito- 
chondria contained crystalline inclu- 
sions, presumably representing hy- 
droxyapatite (Fig 5, middle right and 
bottom left). 


COMMENT 


Nerve biopsy specimens of three pa- 
tients with HMSN VI showed chronic 
progressive peripheral neuropathy of 
predominating neuronal or axonal 
type with a moderate, most likely sec- 
ondary, demyelinating component. 
There was predominant reduction of 
the large-diameter portion of myeli- 
nated as well as unmyelinated fibers, 
and small-diameter fibers were in- 
creased due to fiber regeneration. The 
number of dense-cored vesicles was 
markedly increased in unmyelinated 
and in small myelinated fibers. In 
cases 1 and 2, enlarged mitochondria 
with closely opposed, prominent cris- 
tae that included paracystalline mate- 
rial were found in some of the 
Schwann cells. 

Dense-cored vesicles contain cate- 
cholamines or other neurotransmit- 
ters.’ They have been described in 
neuronal cell bodies and in nerve 
endings.” Preliminary results from 
20 neuropathies of various causes 
(data not shown) indicate that an in- 
creased number of dense-cored vesi- 
cles is not a feature of neuropathy in 
general. Our findings may be related to 
the work of Brimijoin and Dyck,'! who 
found a decreased content and average 
transport velocity of dopamine 8-mo- 
nooxygenase in cases of HMSN II and 
some other, but not all, types of neur- 
opathies. The increased number of 
dense-cored vesicles in the HMSN VI 
cases (and to a lesser extent in the 
HMSN II cases) may indicate (1) im- 
paired axonal transport for mem- 
brane-bound substances, (2) a meta- 
bolic defect, possibly due to abnormal- 
ities in enzyme redistribution, or (3) a 
relative increase due to predominant 
loss of noncatecholamine-containing 
(ie, somatosensory) axons. 

Abnormal mitochondria with mat- 
rical paracrystalline inclusions in 
Schwann cells have been described 
previously in other conditions'*"* and 
are considered nonspecific. In our own 
material, we noted them among others 
in cases of vitamin B,, deficiency and 
uremic neuropathy. On the other hand, 
prominent cristae with an 8-nm layer 
of paracrystalline material in the in- 
tracristal space were seen in only two 
of our cases showing close resemblance 
to the “intermembrane inclusions” il- 
lustrated by Schiaffino et al in anoxic 
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Case 3 
63 y 
17 000 Fibers /mm? 





% of Fibers 


1 2 


Fiber Diameter, um 


Control 1 
17 y 
37 000 Fibers /mm° 


Control 2 
22 y 
30 000 Fibers /mm° 





Control 3 
65 y 
29 000 Fibers / mm? 








1 2 


Fiber Diameter, um 





Fig 2.—Histogram of fiber diameters of unmyelinated axons as obtained by morphometric mea- 
surements on electron micrographs. A reduction of large-diameter unmyelinated fibers and an in- 
crease in the number of small-diameter fibers (with a second peak at 5 um in cases 1 and 3) is 
apparent in all three cases (left) compared with controls (right). 


skeletal and heart muscle. These au- 
thors observed a regular spacing of 7 
nm in their obliquely cut paracrystals, 
whereas Farrants et al.” noted a peri- 
odicity of 8 nm. Although mitochon- 
drial inclusions tend to be nonspecific 
signs of altered mitochondrial metab- 
olism, their occurrence is remarkable 
in cases of HMSN with optic atrophy. 
An inheritance pattern compatible 
with mitochondrial transmission has 
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been found in Leber’s optic atrophy, 
and an increased number of enlarged 
subsarcolemmal mitochondria was 
noted in muscle of three patients with 
Leber’s optic atrophy’ although not in 
the one muscle biopsy specimen of the 
present series. Hydroxyapatite depos- 
its in mitochondria, on the other hand, 


may be caused by several conditions | 
associated with high cytoplasmatic~ 


levels of calcium." 
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Fig 3.—Case 1. Electron microscopy shows 
small onion bulb formations around myelinated 
axons (top left and middle) (bars = 1 um); 
bands of Buengner of myelinated and unmyeli- 
nated axons (top center and right and middle) 
(bars = 1 um); and an increased number of 
dense-cored vesicles (arrows) in unmyelinated 
axons showing an overall increase of axoplas- 
matic organelles and substances (bottom) 
(uranyl acetate-lead citrate, bar = 1 um). 


Fig 4.—The percentage of unmyelinated ax- 
ons (unshaded bars) containing dense-cored 
vesicles (70 to 95 nm) is markedly increased in 
cases 1 and 2 compared with hereditary motor 
and sensory neuropathy of the neuronal type 
(HMSN Il) cases, where it is moderately in- 
creased, and normal controls. In small myeli- 
nated nerve fibers (diameter <7um) (shaded 
bars), this difference is less obvious. HMSN VI 
indicates hereditary motor and sensory neu- 
ropathy with optic atrophy. 
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Fig 5.—Top left, Dense-cored vesicles in unmyelinated fibers (arrowheads) (bar = 0.5 um). Top 
right and middle left, Prominent, closely opposed cristae that include paracrystalline material in 
Schwann cell mitochondria of cases 1 and 2 (bars = 0.1 um). Middle right and bottom left, Crys- 
talline inclusions (presumably hydroxyapatite) in intra-axonal mitochondria of case 3 (bars = 0.5 
um [middle right] and 0.1 um [bottom left]). Bottom right, Paracrystalline and amorphous electron- 
dense inclusions in Schwann cell mitochondrion of case 2 (uranyl acetate-lead citrate, bar = 0.5 
um). 


The neuronal type of peroneal mus- 
cular atrophy, HMSN II, is character- 
ized by neuronal atrophy and degener- 
ation with predominant loss of large- 
diameter myelinated fibers and with 
few small onion bulbs on transverse 
sections of sural nerve,' which so far 
also corresponds to our findings in 
HMSN VI. An increased number of 
dense-cored vesicles and abnormal mi- 
tochondria have not been described in 
HMSN II, nor has an alteration in 
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number and distribution of unmyeli- 
nated fibers. Our cases of HMSN II 
showed a moderate increase in axons 
with dense-cored vesicles, but none of 
the other characteristics. The present 
findings therefore support the view 
that HMSN with optic atrophy repre- 
sents a separate entity (HMSN VI), 
until knowledge about the structural 
biochemical defect underlying these 
dominantly inherited conditions leads 
to a more definite classification. 
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Learn about the sources, 
symptoms and treatment of 
this American epidemic. 


From drug use to sexual abuse, all 
the facts about family violence —and 
what you as a physician, mental health 
professional or administrator need 
to know —will be addressed at the 
AMA's comprehensive Conference on 
the Prevention of Family Violence and 
Victimization. This multi-disciplinary 
conference, emphasizing current 
research, policies and practices 


VIOLENCE 





involved in the diagnosis and treat- The AMA Conference 


ment of family violence, includes on the Prevention 
workshop topics on: The cycle of 


abuse; spouse, elder and child abuse; of Family Violence and 


the relationship of drugs and alcohol Victimization 
to family violence; and legal and 

policy issues. 

October 5-7, 1989 

The Chicago Hilton & Towers, Chicago. 

To receive your free information packet 

and registration materials, call the 

AMA toll-free at 1-800-621-8335. 


CME credits are available. 
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Helps Patients Be Themselves 


Excellent 
Symptom Control 


‘‘Pimozide produced significantly more 
improvement of symptoms and less 
akinesic adverse effects than haloperidol 
_.. Improvement of 70% or more was 
reported by 74% of patients on pimozide 
compared with 45% on haloperidol 
(0<.02), and 84% rated pimozide better 
overall than haloperidol. 1 


Significantly Less 
Sedation than 
Haloperidol 


In a double-blind, placebo-controlled 
study, ‘‘Pimozide was associated with 
lethargy or tiredness on significantly fewer 
days than haloperidol (p <.01), and this 
was reflected in greater immediate and 
long-term patient acceptance.... 2 


Documented 
Clinical Experience 


Pimozide has been used in the treatment 
of Tourette Syndrome for over 10 years." 


Now Available from 
LEMMON 


For more information on ORAP call 
1-800-523-6542, extension 246: in 
Pennsylvania call collect, (215) 723-5544 
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for Tourette Syndrome 


ORAP is indicated for patients who have failed to respond satisfactorily to standard treatment LEMMON 


lease see following page for a brief summary of prescribing information © LEMMON COMPANY, SELLERSVILLE, PA 189 





A wT 2 TS se ee ae eT ed ‘7 EEND 


2 


Te ee T CR) ee nf ok TIIR Se 
A *. ` ` i v A lid ^ Ta 
i i 


= ORAP™ TheLessSedating Therapy for Tourette Syndrome 


(pimozide) Tablets 


= 





INDICATIONS AND USAGE 
ORAP (pimozide) is indicated for the suppression of motor and phonic tics in patients 
with Tourette's Disorder who have failed to respond satisfactorily to standard treatment. 
ORAP is not intended as a treatment of first choice nor is it intended for the treatment for 
tics that are merely annoying or cosmetically troublesome. ORAP should be reserved for 
use in Tourette's Disorder patients whose development and/or daily life function is 
severely compromised by the presence of motor and phonic tics 
Evidence supporting approval of pimozide for use in Tourette's Disorder was obtained 
in two controlled clinical investigations which enrolled patients between the ages of 8 and 
53 years. Most subjects in the two trials were 12 or older. 


1. ORAP (pimozide) is contraindicated in the treatment of simple tics or tics other 
than associated withTourette’s Disorder. 

2. ORAP should not be used in patients taking drugs that may, themselves, cause 
motor and phonic tics (e.g., pemoline, methylphenidate and amphetamines) until 
such patients have been withdrawn from these drugs to determine whether or not 
the drugs, rather than Tourette's Disorder, are responsible for the tics. 

3. Because ORAP prolongs the QT interval of the electrocardiogram it is 
contraindicated in patients with congenital long QT syndrome, patients with a 
history of cardiac arrhythmias, or patients taking other drugs which prolong the QT 
interval of the electrocardiogram (see DRUG INTERACTIONS). 

4. ORAP is contraindicated in patients with severe toxic central nervous system 
depression or comatose states from any cause. 

5.  ORAP is contraindicated in patients with hypersensitivity to it. As it is not known 
whether cross-sensitivity exists among the antipsychotics, pimozide should be 
used with appropriate caution in patients who have demonstrated hypersensitivity 
to other antipsychotic drugs. 


WARNINGS 
The use of ORAP (pimozide) in the treatment of Tourette's Disorder involves different 
risk/benefit considerations than when antipsychotic drugs are used to treat other 
conditions. Consequently, a decision to use ORAP should take into consideration the 
following: (see also PRECAUTIONS—information for Patients). 


Tardive Dyskinesia A syndrome consisting of potentially irreversible, involuntary, 
dyskinetic movements may develop in patients treated with antipsychotic drugs. 
Although the prevalence of the syndrome appears to be highest among the elderly, 
especially elderly women, it is impossible to rely upon prevalence estimates to predict, at 
the inception of antipsychotic treatment, which patients are likely to develop the 
syndrome, Whether anti ic drug products differ in their potential to cause tardive 
dyskinesia is unknown, 

Both the risk of developing tardive dyskinesia and the likelihood that it will become 
irreversible are believed to increase as the duration of treatment is withdrawn. 
Antipsychotic treatment, itself, however, may suppress (or partially suppress) the signs 
and symptoms of the syndrome and thereby may possibly mask the underlying process. 
The effect that symptomatic suppression has upon the long-term course of the 
syndrome is unknown, 

Given these considerations, antipsychotic drugs should be prescribed in a manner 
that is most likely to minimize the occurrence of tardive dyskinesia. Chronic 

treatment should generally be reserved for patients who suffer from a 
chronic illness that, 1) is known to respond to antipsychotic drugs, and, 2) for whom 
alternative, equally effective, but potentially less harmful treatments are not available or 
appropriate. In patients who do require chronic treatment, the smallest dose and the 
shortest duration of treatment producing a satisfactory clinical response should be 
sought. The need for continued treatment should be reassessed periodically. 

If signs and symptoms of tardive dyskinesia appear in a patient on anti , 
drug discontinuation should be considered. However, some patients may require 
treatment despite the presence of the syndrome. 

(For further information about the description of tardive dyskinesia and its clinical 
detection, please refer to ADVERSE REACTIONS and PRECAUTIONS—information for 
Patients.) 

Neuroleptic Malignant Syndrome (NMS) A potentially fatal symptom complex 
sometimes referred to as Neuroleptic Malignant Syndrome (NMS) has been reported in 
association with antipsychotic drugs. Clinical manifestations of NMS are hyperpyrexia, 
muscle rigidity, altered mental status (including catatonic signs) and evidence of 
autonomic instability (irregular pulse or blood pressure, tachycardia, di iS, 
cardiac dysrhythmias). Additional signs may include elevated creatine phosphokinase, 
myoglobinuria (rhabdomyolysis) and acute renal failure. 

The diagnostic evaluation of patients with this syndrome is complicated. In arriving at 
a diagnosis, it is important to identity cases where the clinical presentation includes both 
serious medical illness (€.9., pneumonia, systemic infection, etc.) and untreated or 
inadequately treated extrapyramidal signs and symptoms (EPS). Other important 
considerations in the differential diagnosis include central anticholinergic toxicity, heat 
stroke, drug fever and primary central nervous system (CNS) ł 

The management of NMS should include 1) immediate discontinuation of 
antipsychotic drugs and other drugs not essential to concurrent therapy, 2) intensive 
symptomatic treatment and medical monitoring, and 3) treatment of any concomitant 
serious medical problems for which specific treatments are available. There is no general 
agreement about specific pharmacological treatment regimens for uncomplicated NMS. 

If a patient requires antipsychotic drug treatment after recovery from NMS, the 
potential reintroduction of drug therapy should be carefully considered. The patient 
should be carefully monitored, since recurrences of NMS have been reported. 

Hyperpyrexia, not associated with the above symptom complex, has been reported 

with other antipsychotic drugs. 
Other Sudden, unexpected deaths have occurred in experimental studies of conditions 
other than Tourette's Disorder. These deaths occurred while patients were receiving 
dosages in the range of 1 mg per kg. One possible mechanism for such deaths is 
prolongation of the QT interval predisposing patients to ventricular arrhythmia. An 
electrocardiogram should be performed before ORAP treatment is initiated and 
periodically thereafter, especially during the period of dose adjustment. 

ORAP may have a tumorigenic potential. Based on studies conducted in mice, it is 
known that pimozide can produce a dose related increase in pituitary tumors. The full 
- Significance of this finding is not known, but should be taken into consideration in the 
physician's and patient's decisions to use this drug product. This finding should be given 
special consideration when the patient is young and chronic use of pimozide is 
anticipated. (see PRECAUTIONS-Carcinogenesis, Mutagenesis, Impairment of Fertility). 


PRECAUTIONS 

General ORAP (pimozide) may impair the mental and/or physical abilities required for 
the performance of potentially hazardous tasks, such as driving a car or operating 
machinery, especially during the first few days of therapy. 

ORAP produces anticholinergic side effects and should be used with caution in 
individuals whose conditions may be aggravated by anticholinergic activity. 

ORAP should be administered cautiously to patients with impairment of liver or 
kidney function, because it is metabolized by the liver and excreted by the kidneys. 

Antipsychotics should be administered with caution to patients receiving 
anticonvulsant medication, with a history of seizures, or with EEG abnormalities, because 
they may lower the convulsive threshold. If indicated, adequate anticonvulsant therapy 
should be maintained concomitantly. 


Laboratory Tests An ECG should be done at baseline and periodically thereafter 
throughout the period of dose adjustment. Any indication of prolongation of QT, interval 
beyond an absolute limit of 0.47 seconds (children) or 0.52 seconds (adults), or more 
than 25% above the patient's original baseline should be considered a basis for stopping 
further dose increase (see CONTRAINDICATIONS) and considering a lower dose. 


Since hypokalemia has been associated with ventricular arrhythmias, potassium 
insufficiency, secondary to diuretics, diarrhea, or other cause, should be corrected before 
ORAP therapy is initiated and normal potassium maintained during therapy. 

Drug interactions Because ORAP prolongs the QT interval of the electrocardiogram, an 
additive effect on QT interval would be anticipated if administered with other drugs, such 


as phenothiazines, tricyclic antidepressants or antiarrhythmic agents, which prolong the 
QT interval. Such concomitant administration should not be undertaken (see 
CONTRAINDICATIONS). 


ORAP may be capable of potentiating CNS depressants, including analgesics, 
sedatives, anxiolytics, and alcohol. 


Carcinogenesis, Mutagenesis, Impairment of Fertility Carcinogenicity studies were 
conducted in mice and rats. In mice, pimozide causes a dose-related increase in pituitary 
and mammary tumors. 

When mice were treated for up to 18 months with pimozide, pituitary gland changes 
developed in females only. These changes were characterized as hyperplasia at doses 
approximating the human dose and adenoma at doses about fifteen times the maximum 
recommended human dose on a mg per kg basis. The mechanism for the induction of 
pituitary tumors in mice is not known 

Mammary gland tumors in female mice were also increased, but these tumors are 
expected in rodents treated with antipsychotic drugs which elevate prolactin levels. 
Chronic administration of an antipsychotic also causes elevated prolactin levels in 
humans. Tissue culture experiments indicate that approximately one-third of human 
breast cancers are prolactin-dependent in vitro, a factor of potential importance if the 
prescription of these drugs is contemplated in a patient with a previously detected breast 
cancer. Although disturbances such as galactorrhea, amenorrhea, gynecomastia, and 
impotence have been reported with antipsychotic drugs, the clinical significance of 
elevated serum prolactin levels is unknown for most patients. Neither clinical studies nor 
epidemiologic studies conducted to date have shown an association between chronic 
administration of these drugs and mammary tumorigenesis. The available evidence, 
however, is considered too limited to be conclusive at this time. 

In a 24 month carcinogenicity study in rats, animals received up to 50 times the 
maximum recommended human dose. No increased incidence of overall tumors or 
tumors at any site was observed in either sex. Because of the limited number of animals 
surviving this study, the meaning of these results is unclear. 

Pimozide did not have mutagenic activity in the Ames test with four bacterial test 
strains, in the mouse dominant lethal test or in the micronucleus test in rats. 

Reproduction studies in animals were not adequate to assess all aspects of fertility 
Nevertheless, female rats administered pimozide had prolonged estrus cycles, an effect 
also produced by other antipsychotic drugs 


Pregnancy Category C. Reproduction studies performed in rats and rabbits at oral doses 
up to 8 times the maximum human dose did not reveal evidence of teratogenicity. In the 
rat, however, this multiple of the human dose resulted in decreased pregnancies and in 
the retarded development of fetuses. These effects are thought to be due to an inhibition 
or delay in implantation which is also observed in rodents administered other 
antipsychotic drugs. in the rabbit, maternal toxicity, mortality, decreased weight gain, 
and embryotoxicity including increased resorptions were dose related. Because animal 
reproduction studies are not always predictive of human response, pimozide should be 
given to a pregnant woman only if the potential benefits of treatment clearly outweigh the 
potential risks. 

Labor and Delivery This drug has no recognized use in labor or delivery. 

Nursing Mothers Itis not known whether pimozide is excreted in human milk. Because 
many drugs are excreted in human milk and because of the potential for tumorigenicity 
and unknown cardiovascular effects in the infant, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 


Pediatric Use Although Tourette's Disorder most often has its onset between the ages of 
2 and 15 years, information on the use and efficacy of ORAP in patients less than 12 
years of age is limited. 

Because its use and safety have not been evaluated in other childhood disorders, 
ORAP is not recommended for use in any condition other than Tourette's Disorder 


ADVERSE REACTIONS 
General: Extrapyramidal Reactions: Neuromuscular (extrapyramidal) reactions during 
the administration of ORAP (pimozide) have been reported frequently, often during the 
first few days of treatment. In most patients, these reactions involved Parkinson-like 
symptoms which, when first observed, were usually mild to moderately severe and 
usually reversible. 

Other types of neuromuscular reactions (motor restlessness, dystonia, akathisia, 
hyperreflexia, opisthotonos, oculogyric crises) have been reported far less frequently. 
Severe extrapyramidal reactions have been reported to occur at relatively low doses. 
Generally the occurrence and severity of most i 


extrapyramidal reactions have been 
reported and that the drug may have to be discontinued in such cases. 
Withdrawal Emergent Neurological Signs: Generally, patients receiving short term 
therapy experience no problems with abrupt discontinuation of antipsychotic drugs. 
However, some patients on maintenance treatment experience transient dyskinetic signs 
after abrupt withdrawal. In certain of these cases the dyskinetic movements are 
indistinguishable from the syndrome described below under “Tardive Dyskinesia’ except 
for duration. It is not known whether gradual withdrawal of antipsychotic drugs will 
reduce the rate of occurrence of withdrawal emergent neurological signs but until further 
evidence becomes available, it seems reasonable to gradually withdraw use of ORAP. 
Tardive Dyskinesia: ORAP may 


may appear in some patients on therapy or may occur after drug 
therapy has been discontinued. The risk appears to be greater in elderly patients on high- 
dose females. The symptoms are persistent and in some 


appear irreversible. The syndrome is characterized by rhythmical involuntary 
movements of tongue, face, mouth or jaw (e.g., protrusion of tongue, puffing of cheeks, 
puckering of mouth, chewing movements). Sometimes these may be accompanied by 
involuntary movements of extremities and the trunk. 

There is no known effective treatment for tardive dyskinesia; antiparkinson agents 
usually do not alleviate the symptoms of this syndrome. It is suggested that all 
antipsychotic agents be discontinued if these symptoms appear. Should it be necessary 
to reinstitute treatment, or increase the dosage of the agent, or switch to a different 
antipsychotic agent, this syndrome may be masked. 

It has been reported that fine vermicular movement of the tongue may be an early 
sign of tardive dyskinesia and if the medication is stopped at that time the syndrome may 
not develop. 

Electrocardiographic Changes: Electrocardiographic changes have been observed in 
Clinical trials of ORAP in Tourette's Disorder and schizophrenia. These have included 
prolongation of the QT interval, flattening, notching and inversion of the T wave and the 
appearance of U waves. Sudden, unexpected deaths and grand mal seizure have 
occurred at doses above 20 mg/day 

Neuroleptic Malignant Syndrome: Neuroleptic malignant syndrome (NMS) has been 
reported with ORAP. (See WARNINGS for further information concerning NMS.) 

Hyperpyrexia: Hyperpyrexia has been reported with other antipsychotic drugs. 
Clinical Trials The tollowing adverse reaction tabulation was derived from 20 patients in 
a 6 week long placebo controlled clinical trial of ORAP in Tourette's Disorder. 

Pimozide Placebo 
Adverse Reaction (N = 20) (N = 20) 


1 2 
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Body/System/ Pimozide Placebo 

Adverse Reaction (N = 20) (N = 20) 

Endocrine 

Menstrual disorder 0 1 

Breast secretions 0 1 

Musculoskeletal 

Muscle cramps 0 1 

Muscle tightness 3 0 

Stooped posture 2 0 

CNS 

Drowsiness 7 3 

Sedation 14 § 

Insomnia 2 2 

Dizziness 0 1 

Akathisia 8 0 

Rigidity 2 0 

Speech disorder 2 0 

Handwriting change 1 0 

Akinesia 8 0 

Psychiatric 

Depression 2 3 

Excitement 0 1 

Nervous 1 0 

Adverse behavior 5 0 
effect 

Special Sense 

Visual disturbance 4 0 

Taste change 1 0 

Sensitivity of eyes 1 0 
to light 

Decreased accom- 4 1 
modation 

Spots before eyes 0 1 

Urogenital 

Impotence 3 0 


Because Clinical investigational experience with ORAP in Tourette's Disorder is 
limited, uncommon adverse reactions may not have been detected. The physician 
should consider that other adverse reactions associated with antipsychotics may occur. 


Other Adverse Reactions In addition to the adverse reactions listed above, those listed 
below have been reported in U.S. clinical trials of ORAP in conditions other than 
Tourette's Disorder 

Body as a Whole: Asthenia, chest pain, periorbital edema 

Cardiovascular/Respiratory: Postural hypotension, hypotension, hypertension, 
tachycardia, palpitations 

Gastrointestinal. \ncreased salivation, nausea, vomiting, anorexia, GI distress 

Endocrine: Loss of libido 

Metabolic/Nutritional: Weight gain, weight loss 

Central Nervous System: Dizziness, tremor, parkinsonism, fainting, dyskinesia 

Psychiatric: Excitement 

Special Senses: Blurred vision, cataracts 

Urogenital: Nocturia, urinary frequency 
Postmarketing Reports The following experiences were described in spontaneous 
postmarketing reports, These reports do not provide sufficient information to establish a 
clear causal relationship with the use of ORAP 

Hematologic: Hemolytic anemia 


OVERDOSAGE 
In general, the signs and symptoms of overdosage with ORAP (pimozide) would be 
an exaggeration of known pharmacologic effects and adverse reactions, the most 
prominent of which would be: 1) electrocardiographic abnormalities, 2) severe 
extrapyramidal reactions, 3) hypotension, 4) a comatose state with respiratory 


depression 

In the event of overdosage, gastric lavage, establishment of a patent airway and, if 
necessary mechanically-assisted respiration are advised. Electrocardiographic 
monitoring should commence immediately and continue until the ECG parameters are 
within the normal range. Hypotension and circulatory collapse may be counteracted by 
use of intravenous fluids, plasma, or concentrated albumin, and vasopressor agents such 
as metaraminol, phenylephrine and norepinephrine. Epinephrine should not be used. In 
case of severe extrapyramidal reactions, antiparkinson medication should be 
administered. Because of the long half-life of pimozide, patients who take an overdose 
should be observed for at least 4 days. As with all drugs, the physician should consider 
contacting a poison control center for additional information on the treatment of 
overdose. 


DOSAGE AND ADMINISTRATION 

Reliable dose response data for the effects of ORAP (pimozide) on tic manifestations 
in Tourette's Disorder patients below the age of twelve are not available. Consequently, 
the suppression of tics by ORAP requires a slow and gradual introduction of the drug. 
The patient's dose should be carefully adjusted to a point where the suppression of tics 
and the relief afforded is balanced against the untoward side effects of the drug. 

An ECG should be done at baseline and periodically thereafter, especially during the 
period of dose adjustment (see WARNINGS and PRECAUTIONS-Laboratory Tests). 

In general, treatment with ORAP should be initiated with a dose of 1 to 2 mg a day in 
divided doses. The dose may be increased thereafter every other day. Most patients are 
maintained at less than 0.2 mg/kg per day, or 10 mg/day, whichever is less. Doses 
greater than 0.2 mg/kg/day or 10 mg/day are not recommended. 

Periodic attempts should be made to reduce the dosage of ORAP to see whether or 
not tics persist at the level and extent first identified. In attempts to reduce the dosage of 
ORAP, consideration should be given to the possibility that increases of tic intensity and 
frequency may represent a transient, withdrawal related phenomenon rather than a return 
of disease symptoms. Specifically, one to two weeks should be allowed to elapse before 
one concludes that an increase in tic manifestations is a function of the underlying 
disease syndrome rather than a response to drug withdrawal. A gradual withdrawal is 
recommended in any case. 


HOW SUPPLIED 
ORAP (pimozide) 2 mg tablets, white, scored, imprint LEMMON” and ‘ORAP 2'-NDC 
0093-0187-01, bottles of 100. 
Dispense in tight, light-resistant containers as defined in the official compendium. 
Made in Canada 
Printed in USA 
Rev. A 6/88 
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Phenytoin-Induced Improvement in Muscle Cramping and 
Insulin Action in Three Patients With the Syndrome of 
Insulin Resistance, Acanthosis Nigricans, and 


Acral Hypertrophy 


Kenneth L. Minaker, MD; Jeffrey S. Flier, MD; Lewis Landsberg, MD; James B. Young, MD; 


Richard T. Moxley, MD; William J. Kingston, MD; Graydon S. Meneilly, MD; John W. Rowe, MD 


e Phenytoin sodium has been used to 
treat muscle cramps of diverse causes, 
and is known to increase insulin sensitiv- 
ity during long-term use. We have previ- 
ously described a syndrome of insulin re- 
sistance, acanthosis nigricans, and acral 
hypertrophy with continual muscle cramp- 
ing. The effect of 300 mg/d of phenytoin 
(Dilantin) on muscle cramping and carbo- 
hydrate economy was studied in three af- 
fected patients and four control subjects. 
Oral glucose tolerance tests, euglycemic 
insulin infusion studies, and monocyte in- 
sulin binding tests were conducted before 
and after phenytoin administration. All 
three patients had notable improvement in 
muscle cramps. In response to phenytoin, 
metabolic improvements were variable, 
with improvement characteristically bet- 
ter in patients with less severe baseline 


e have previously described a fa- 

milial syndrome in which insulin 
resistance coexists with acanthosis ni- 
gricans, acral hypertrophy, and mus- 
cle cramps.' Insulin receptors were re- 
duced in concentration on monocytes 
of the reported cases, suggesting that 
receptor deficiency (primary or sec- 
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metabolic abnormalities. Patient 1, with 
the mildest degree of glucose intolerance, 
had decreased fasting insulin and blood 
glucose levels, improved glucose toler- 
ance, and insulin-mediated glucose dis- 
posal, associated with an increase in 
monocyte insulin receptors. Patient 2 had 
reduced fasting plasma glucose and insu- 
lin levels and improved oral glucose toler- 
ance, suggesting a beneficial effect on 
carbohydrate metabolism. Patient 3, with 
the most severely impaired carbohydrate 
economy, showed no metabolic improve- 
ment despite marked lessening of muscle 
pain. These clinical characteristics were 
unaffected in control subjects. We con- 
clude that phenytoin is of value in the 
therapy of muscle cramps and glucose in- 
tolerance in patients with this syndrome. 
(Arch Neurol. 1989;46:98 1-985) 


ondary) contributed to the observed 
insulin resistance. The biochemical de- 
fect responsible for this syndrome is 
unknown, and an appropriate pharma- 
cotherapy for this presumed genetic 
disorder has not been identified. In this 
article, we describe the clinical and 
metabolic effects of a therapeutic trial 
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of phenytoin sodium (Dilantin) in 
three patients and four healthy control 
subjects. Phenytoin was used in these 
patients for two reasons. First, muscle 
cramps were a major symptom in 
these cases, and phenytoin has been 
used successfully to treat muscle dis- 
orders of diverse origins.?* Second, in- 
sulin resistance characterizes this syn- 
drome, and studies of phenytoin use in 
nonepileptic subjects show decreased 
insulin responses to oral glucose, with- 
out worsening oral glucose tolerance, 
suggesting increased peripheral insu- 
lin sensitivity.‘ 

Patients and controls underwent 
tests of oral glucose tolerance and in- 
sulin receptor binding before and after 
therapy with phenytoin. In addition, 
the euglycemic insulin infusion tech- 
nique was used to examine the influ- 
ence of phenytoin on whole-body glu- 
cose utilization, potassium homeosta- 
sis, and insulin clearance in the 
patients and controls. These studies 
indicated that in these patients, phe- 
nytoin resulted in a prompt and sus- 
tained improvement in muscle cramp- 
ing. In addition, glucose tolerance and 
several metabolic markers of carbohy- 
drate economy improved in two of the 
three patients. There were no changes 
in any of these characteristics in the 
normal control subjects. The data sug- 
gest that phenytoin is useful in the 
treatment of muscle cramps associ- 
ated with this syndrome and may be 
useful in the therapy of the associated 
defects in carbohydrate metabolism. 
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SUBJECTS AND METHODS 
Experimental Subjects 


The clinical and laboratory features of 
the patients reported here have been the 
subject of previous publications.” The first 
two patients (one man, one woman) were 
siblings, 28 and 33 years of age at the time 
of the present study, and the third (a 
woman) was unrelated. All subjects had 
acanthosis nigricans, acral hypertrophy, 
and muscle cramps, and the women had ev- 
idence of virilization. In addition, each had 
insulin resistance characterized by de- 
creased insulin binding to circulating 
monocytes with normal receptor binding 
affinity. 

In addition to the three affected patients, 
four healthy, nonobese men (25 to 37 years 
old), relative weight range 1.0 to 1.2 (The 
relative weight range was calculated as the 
ratio of actual to desirable weight using the 
middle of the weight range for men of me- 
dium frame from the 1959 Metropolitan 
Life Insurance Co table for desirable 
weights.) were studied before and after 
phenytoin administration. 

The subjects’ and patients’ carbohydrate 
intake was greater than 150 g of carbohy- 
drate per day; they were not taking any 
medications on a long-term basis and had 
no history of endocrine, renal, hepatic, or 
cardiovascular disease. Results of glucose 
tolerance tests were normal in all control 
subjects. Baseline laboratory findings of 
patients and subjects are shown in Table 1. 
Written informed consent was obtained 
prior to all studies. The protocols were ap- 
proved by the Committee on Clinical Inves- 
tigation, New Procedures, and New Forms 
of Therapy at Beth Israel Hospital, Boston, 
Mass, and the University of Rochester (NY) 
School of Medicine and Dentistry. 


Methods 


At the beginning of the study, patients 1, 
2, and 3 underwent glucose tolerance test- 
ing, insulin labeled with iodine 125 binding 
to monocyte determination using a minor 
modification of a method described by Bar 
et al, and a 2-hour (80 mU/m? per minute) 
euglycemic insulin infusion. After comple- 
tion of these studies, administration of 300 
mg/d of phenytoin was begun. Patient 1 
was restudied 3 weeks after therapy began, 
patient 2 was studied at 3 weeks and again 
1 year after continued phenytoin treat- 
ment, and patient 3 was studied after 4 
months of therapy. Normal subjects under- 
went '*I insulin binding studies and insulin 
infusion studies before and after a 7-day 
course of 300 mg of oral phenytoin daily. 
Serum phenytoin levels were determined on 
the morning of the studies, 12 to 14 hours 
after the last dose of phenytoin. 

The euglycemic insulin infusions were 
performed as previously described” Sub- 
jects and patients were awake and supine 
throughout these postabsorptive studies. 
During the insulin infusions, blood samples 
to determine insulin, glucose, and potas- 
sium levels were obtained, processed, and 
analyzed as previously described.’ Glucose 
infusion rates and insulin clearance were 
determined according to formulas de- 
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scribed elsewhere.” Data are expressed as 
mean + SEM unless otherwise indicated. 
Differences in the control group before and 
after phenytoin therapy were compared 
using the paired Student t test. 


RESULTS 
Clinical Status 


In all three patients, muscle cramps 
dramatically improved while taking 
phenytoin at a dose of 300 mg/d. Both 
the frequency and severity of cramps 
were diminished within 2 days of ther- 
apy in each case. In patients 1 and 3, 
cramps have been virtually eliminated 
during a follow-up period of more than 
1 year. In patient 2, the cramps have 
clearly improved, but they have not 
been eliminated entirely, which per- 
haps is related to difficulty maintain- 
ing therapeutic levels of phenytoin, a 
characteristic shared by each of the 
patients. A further factor potentially 
contributing to the incomplete control 
of cramps in patient 2 may be related 
to concurrent, as yet unexplained, 
hypomagnesemia, which has been 
treated with magnesium supplements. 
Under close clinical observation, con- 
trol of cramping was good when high 
serum levels of phenytoin were main- 
tained. No adverse side effects of phe- 
nytoin were observed in the control 
subjects or patients. 


Metabolic Findings 


Basal Glucose, Insulin, and '51 Mono- 
cyte Insulin Receptor Values.— Patient 1, 
a 26-year-old man, had a minimal de- 
cline in his initially normal fasting 
blood glucose level from 4.9 to 4.7 
mmol/L after 3 weeks of phenytoin 
therapy (Serum phenytoin level of 36 
umol/L). Basal insulin values declined 
from 385 to 260 pmol/L. Binding of I 
insulin to circulating monocytes at 
tracer concentration increased from 
2.7% to 3.7% bound per 10’ monocytes. 
This increase in binding was attribut- 
able to an increase in the number of 
insulin receptors without a change in 
receptor affinity. 

In patient 2, a 30-year-old woman, 
the fasting blood glucose level, which 
was initially 6.8 mmol/L prior to phe- 
nytoin administration, fell after 3 
weeks of phenytoin therapy to 5.5 
mmol/L (serum phenytoin level, 30 
umol/L) and was 4.3 mmol/L after 1 
year of phenytoin (serum phenytoin 
level, 95 uwmol/L). Her corresponding 
basal insulin levels were 730, 515, and 
430 pmol/L. In contrast to patient 1, 
'*T insulin receptor binding to mono- 
cytes did not change over the entire 
period of observation, remaining low 
(1.8% '*I insulin bound per 10’ mono- 
cytes) over eight determinations 





Table 1.—Basal Insulin, Glucose, and 
Monocyte Insulin Binding Values in 
Patients and Controls 












Patient 
~ Controls 
1 2 3 (n = 4) 










Clinical 
Characteristic 


Basal 
glucose, 
mmol/L 

Basal 
insulin, 
pmol/L 

Insulin labeled 
with iodine 

125 bound 10’ 

monocytes, % 








49 68 88 4.6+0.1 







385 730 375 65+15 









2.7 





(normal, 5.3% + 0.03). 

In patient 3, who had clinical diabe- 
tes, the fasting blood glucose level was 
8.8 mmol/L before phenytoin admin- 
istration and was 9.7 mmol/L after 4 
months of phenytoin (serum phe- 
nytoin level, 10 wmol/L). Her corre- 
sponding basal insulin levels were 375 
and 705 pmol/L, respectively. Binding 
of '*I insulin to monocytes was 1.1% of 
‘*T insulin bound per 10’ monocytes 
before and after phenytoin therapy. 

In normal subjects, phenytoin levels 
were 30 + 10 „mol/L after 1 week of 
therapy. Basal glucose levels (4.6 + 0.1 
vs 4.7 + 0.1 mmol/L), insulin values 
(165 +15 vs 70+10 pmol/L), and 
binding of '*I insulin to peripheral 
monocytes (6.3% + 1.7 vs 5.6% + 1.3 
bound per 10’ monocytes) were un- 
changed before and after phenytoin 
treatment, respectively. These values 
are similar to a larger control popula- 
tion studied by our laboratory.” 

During the period of observation, 
patient 2 underwent total abdominal 
hysterectomy and bilateral salpingo- 
oophorectomy.” Prior to surgery, se- 
rum testosterone levels were consis- 
tently elevated, in the range of 485.5 to 
1525.5 nmol/L (normal, 3.5 to 346.5 
nmol/L). After surgery, the testoster- 
one level fell dramatically and was 
consistently below 277.5 nmol/L dur- 
ing the period of these metabolic 
studies. Serum dehydroepiandroster- 
one sulfate levels were also well within 
the normal range of 2.2 to 4.3 wmol/L. 

Glucose Tolerance Testing.—Results 
of the oral glucose tolerance tests in 
patient 1 are shown in Fig 1. Prior to 
treatment, glucose tolerance was im- 
paired despite marked hyperinsuline- 
mia. While the patient was taking 
phenytoin, glucose tolerance was in 
the normal range. This improvement 
in glucose tolerance was associated 
with substantially lower levels of 
plasma insulin. 

Glucose tolerance in patient 2 was 
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Fig 1.—Glucose and insulin values following glucose ingestion before (solid lines) and 3 weeks 





after (broken line) phenytoin (Dilantin) treatment in patient 1. 
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Fig 2.—Glucose and insulin values following glucose ingestion before (solid lines) and 3 weeks 
after (broken lines) phenytoin (Dilantin) treatment in patient 2. 


abnormal before phenytoin adminis- 
tration as shown in Fig 2, despite 
marked hyperinsulinemia. After phe- 
nytoin administration, glucose toler- 
ance was within the normal range. 
There was an increased plasma insulin 
response observed after phenytoin ad- 
ministration, which accounts, at least 
in part, for the improved glucose tol- 
erance. 

Patient 3 had oral glucose tolerance 
testing performed before, but not after 
phenytoin therapy. Fasting hypergly- 
cemia (blood glucose level of 6.9 mmol/ 
L) and hyperinsulinemia (blood insu- 
lin level of 515 pmol/L) were followed 
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2 hours after oral glucose ingestion by 
marked hyperglycemia (blood glucose 
level of 15.6 mmol/L) and hyperinsu- 
linemia (blood insulin level of 1505 
pmol/L). 

Euglycemic Insulin Infusion Studies.— 
Glucose Infusion Rates.—Glucose in- 
fusion rates before and after phe- 
nytoin administration were lower in 
the three patients than in the normal 
control subjects (Table 2). 

In patient 1, the euglycemic insulin 
infusion study results strongly paral- 
leled the improvement in insulin sen- 
sitivity seen during the oral glucose 
tolerance testing. As seen in Table 2, 


the glucose infusion rate after phe- 
nytoin administration was 150% of the 
pretreatment level (4.81 vs 3.23 mg/kg 
per minute). In response to the 80 
mU/m? per minute euglycemic insulin 
infusion, patient 2 showed stability of 
glucose infusion rates with 20- to 120- 
minute values of 3.34, 3.33, and 3.50 
mg/kg per minute before, 3 weeks af- 
ter, and 1 year after initiation of phe- 
nytoin, respectively (Table 2). In pa- 
tient 3, glucose infusion rates did not 
change after phenytoin therapy (2.99 
vs 2.93 mg/kg per minute). 

Glucose infusion rates were not in- 
fluenced by phenytoin in the control 
subjects. 

Insulin Clearance.—Infusion of in- 
sulin by primed, continuous infusion 
yields a square wave of hyperinsuline- 
mia permitting determination of insu- 
lin clearance, as previously described” 
(Table 2). Patient 1 showed similar in- 
sulin clearance values before (275 mL/ 
m? per minute) and after (284 mL/m’ 
per minute) phenytoin therapy. In pa- 
tient 2, insulin clearance was similar 
before (198 mL/m? per minute) and af- 
ter 3 weeks (155 mL/m? per minute) of 
phenytoin therapy. After 1 year of 
phenytoin treatment, insulin clear- 
ance was increased (338 mL/m? per 
minute). Patient 3 had a slight in- 
crease in insulin clearance values after 
4 months of phenytoin therapy (270 vs 
312 mL/m? per minute). In all three 
patients, insulin clearance was lower 
than the normal range. In the control 
subjects, insulin clearance values were 
similar before (875 + 46 mL/m? per 
minute) and after (412 + 88 mL/m’ 
per minute) phenytoin and were simi- 
lar to our larger control population." 

Extrarenal Potassium Disposal.—In 
patient 1, the maximum decline in 
plasma potassium from the basal level 
was similar, 0.3 and 0.4 mmol/L, be- 
fore and after phenytoin therapy, re- 
spectively. In patient 2, in whom phen- 
ytoin did not have a convincing effect 
on insulin-mediated glucose uptake, 
there was a dramatic change in potas- 
sium disposal. The initially blunted 
change in plasma potassium in re- 
sponse to insulin normalized. The 
maximum decline in plasma potas- 
sium level steadily increased from 0.2 
mmol/L before treatment to 0.4 and 0.7 
mmol/L at 3 weeks and 1 year, respec- 
tively. In patient 3, the maximum de- 
cline in plasma potassium level was 0.5 
mmol/L before treatment and re- 
mained unchanged after treatment. 

Maximum plasma potassium de- 
clines for control subjects are shown in 
Table 2. The maximum decline in 
plasma potassium was not influenced 
by phenytoin (0.5 + 0.1 mmol/L vs 
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Table 2.—Results of Euglycemic Insulin Infusion Studies in Patients and Controls 
Before, During, and After Phenytoin Therapy 


Patient 1 Patient 2 


Clinical 
Determi- 
nation fore 3w fore 3w 


Steady-state 
serum insulin 
level, pmol/L 


Insulin 
clearance, 
mL/m? per 
min 

Glucose 
infusion rate, 
mg/kg per 
min 

Maximum 
decline in 
plasma 
potassium, 
mmol/L 


0.5 + 0.1 mmol/L before and after 
treatment). Basal plasma potassium 
levels were not altered by phenytoin in 
control subjects or patients. 


COMMENT 


The syndrome of insulin resistance 
with acanthosis nigricans, acral hy- 
pertrophy, and muscle cramps is pre- 
sumably caused by a single gene defect, 
the nature of which is currently un- 
known. In this report, we have demon- 
strated that phenytoin is an effective 
treatment for muscle cramps in this 
syndrome. Additionally, improve- 
ments in carbohydrate economy may 
occur, dependent on the underlying se- 
verity of glucose intolerance. 

Muscle cramping is associated with 
a variety of conditions that includes 
pregnancy, dehydration, salt deple- 
tion, hypothyroidism, thyrotoxic myo- 
pathy, uremia, hypomagnesemia, and 
several genetic syndromes.!! Phe- 
nytoin is useful for the therapy of 
muscle cramps because it has stabiliz- 
ing effects in excitable membranes of 
both muscle and nerves. Although 
the importance of the insulin resis- 
tance in the pathophysiologic mecha- 
nism of the muscle cramps in these 
patients is unclear, it may play a role. 
Insulin is an important mediator of 
skeletal potassium uptake,!*!5 and in- 
sulin-induced potassium reductions 
declined in patients 1 and 2 prior to 
phenytoin therapy. Muscle cramps im- 
proved in each patient, but insulin- 
mediated potassium disposal im- 
proved in patient 2 only. While the 
beneficial effects of phenytoin on 
cramps may occur by alteration of the 
insulin resistance that affects trans- 
membrane potassium flux, this cannot 
be inferred through a systematic 
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Patient 3 Controls 


1665 + 180 1580 + 165 


312 375 + 46 412 + 88 





change in plasma potassium profiles 
observed in our patients. 

The improvement in muscle cramps 
in the face of variable changes in insu- 
lin-mediated glucose disposal suggests 
altered glucose metabolism is not 
linked mechanistically to the cramps. 
Insulin is known to mediate skeletal 
muscle potassium intake in a dose-de- 
pendent fashion, independent of its 
action to stimulate glucose transport 
into muscle tissue.'*!5 

The effect of phenytoin on charac- 
teristics of glucose metabolism in 
these patients was variable. Patient 1, 
who had the mildest degree of glucose 
intolerance, had a clear improvement 
in carbohydrate metabolism. Fasting 
glucose and insulin levels were re- 
duced. Oral glucose tolerance im- 
proved, despite lower insulin levels, 
suggesting increased insulin sensitiv- 
ity, and this increased sensitivity was 
confirmed by the demonstration of in- 
creased insulin-mediated glucose dis- 
posal during the euglycemic insulin 
infusion study. These data are compat- 
ible with data from studies in nonepi- 
leptic individuals that show that long- 
term administration of phenytoin re- 
sults in a decreased insulin response to 
oral glucose without a worsening of 
glucose tolerance, implying an in- 
crease in insulin sensitivity.° 

Patient 2, who had a greater degree 
of glucose intolerance than patient 1, 
had no change in insulin-mediated glu- 
cose disposal, or in insulin receptors. 
She did, however, demonstrate im- 
proved oral glucose tolerance and re- 
duced fasting insulin and glucose lev- 
els, suggesting a beneficial effect on 
carbohydrate metabolism. Patient 3, 
who had a diabetic oral glucose toler- 
ance test, had no change in fasting 


glucose or insulin levels, insulin recep- 
tors, and insulin-mediated glucose dis- 
posal. However, it is notable that pa- 
tient 3 maintained the lowest level of 
phenytoin compared with the other 
subjects. 

The mechanism for the increased 
insulin sensitivity with increased in- 
sulin receptor binding is unclear. This 
could be due to a direct effect on the 
target cells. An alternative explana- 
tion may relate to the known ability of 
phenytoin to decrease insulin secre- 
tion from the beta cell.” This schema 
suggests that the hyperinsulinemia in 
these patients contributes to the insu- 
lin resistance due to insulin-mediated 
receptor downregulation. Phenytoin 
could improve insulin action indirectly 
by decreasing insulin secretion and 
thereby increasing insulin receptors. 
The data in this study do not allow a 
clear choice between the mechanisms, 
but we currently favor the view that 
the insulin resistance in these patients 
is the primary disorder, resulting from 
a mutation in the insulin receptor or 
an associated signaling molecule. How 
phenytoin might act to improve such a 
primary defect is pure speculation at 
this point. The fact that insulin sensi- 
tivity improved in patients 1 and 2, but 
not in the more severely affected pa- 
tient 3, suggests that phenytoin may 
only improve insulin-mediated glucose 
disposal in patients with milder de- 
grees of carbohydrate intolerance. Al- 
ternatively, the lack of improvement 
in patient 3 may be related in part to 
subtherapeutic phenytoin levels. 

The role of hyperandrogenism in 
mediating the insulin-resistant com- 
ponent of this syndrome is addressed 
in these studies. First, insulin resis- 
tance was moderately severe in both 
male and female patients with glucose 
disposal rates 40% to 60% of normal. 
Second, ovariectomy, which resulted in 
declines in serum testosterone from as 
high as 1387.0 nmol/L to 277.5 nmol/L 
did not result in any change in the pe- 
ripheral resistance to glucose disposal 
observed over a l-year period in pa- 
tient 2. 

Insulin clearance was impaired in 
the patients. The decrease in basal in- 
sulin levels in patients 1 and 2 after 3 
weeks of phenytoin therapy was 
clearly due to reduced insulin secretion 
because clearance values did not 
change. The further decrease in basal 
insulin values in patient 2 after 1 year 
of phenytoin treatment may have been 
due in addition to increased insulin 
clearance. The clear increase in insulin 
clearance in patient 2 suggests an ad- 
ditional mechanism for the lowering of 
plasma insulin by phenytoin adminis- 
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tration after long-term therapy. 
These data suggest that phenytoin is 
useful in the treatment of muscle 
cramps associated with insulin resis- 
tance and acanthosis nigricans. They 
further suggest that phenytoin or re- 
lated agents might be useful as thera- 
peutic agents in this and other syn- 
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dromes associated with insulin resis- 
tance, particularly in patients with 
milder degrees of glucose intolerance. 
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"early treatment with dopa 
has a beneficial effect on 
life expectancy.” 


Start therapy 
as soon as signs and symptoms 
first impair daily activities 


For most patients with Parkinson's disease 


Sinemet 


(Carbidopa-Levodopa | MSD) 


containing 25 mg carbidopa 

(anhydrous equivalent) 
(eae! and 100 mg levodopa 

one tablet t.i.d.; 

then titrate as needed 


Right from the start 


SINEMET is contraindicated in patients receiving monoamine oxidase 
inhibitors (these inhibitors must be discontinued at least two weeks prior 
to initiating therapy with SINEMET); in patients with known VERE ENEY 
to this drug; in patients with narrow-angle glaucoma; and in patients 

with suspicious, undiagnosed skin lesions or a history of melanoma. 


‘Diamond, S.G. et al.: Multi-center study of Parkinson mortality with early versus later 
dopa treatment, Ann. Neurol. 22(1):8-12, July 1987. 


For a Brief Summary of Prescribing Information, please see the following page. 


























































Dosage Guidelines 
Individualized dosage—a key to Clinical 
success with SINEMET 

@ begin when symptoms first interfere with 
normal function 

è adjust as necessary to help maintain relief 
of symptoms 


For initial therapy... 
Start with: 


SINEMET 25-100 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


one tablet t.i.d. 


If necessary, to control symptoms, dosage 
may be increased by one tablet every day 
or every other day until a dosage of eight 
tablets of SINEMET 25-100 a day is reached. 


When it is evident that patients 
need more levodopa... 
Transfer to: 


SINEMET 25-250 


containing 25 mg carbidopa 
(anhydrous equivalent) and 
250 mg levodopa 


one tablet t.i.d. 


If still more levodopa is necessary, dosage 
with SINEMET 25-250 may be increased by 
one-half to one tablet every day or every 
other day to a maximum of eight tablets 
a day. 


When individualizing dosage... 
Titrate with: 


SINEMET 10-100 


containing 10 mg carbidopa 
(anhydrous equivalent) and 
100 mg levodopa 


or SINEMET 25-100 
or SINEMET 25-250 


The optimum daily dosage of SINEMET must 
be determined by careful titration in each 
patient. Tablets of the three strengths may 
be given separately or combined as needed 
to provide the optimum daily dosage. 


For patients transferred 


from levodopa 

DISCONTINUE LEVODOPA AT LEAST 

8 HOURS BEFORE STARTING SINEMET. 
The starting dose for SINEMET should pro- 
vide about 25 percent of previous levodopa 
requirements. (Patients receiving less than 
1500 mg of levodopa a day should be 
started on one tablet of SINEMET 25-100 

t.i.d. orq.i.d.) 


For full details on dosage and 
administration, see Prescribing 
Information. 






For many parkinsonian patients when symptoms first impair normal function 





Sinemet 


(Carbidopa-Levodopa | MSD) 


When SINEMET is to be given to patients who are 
being treated with levodopa, levodopa must be dis- 
continued at least 8 hours before therapy with 
SINEMET is started. In order to reduce adverse re- 
actions, it is necessary to individualize therapy. 
See the WARNINGS (below) and DOSAGE AND AD- 
MINISTRATION sections in the Prescribing Infor- 
mation before initiating therapy. 
Contraindications: MAO inhibitors and SINEMET 
should not be given concomitantly, MAO inhibitors 
must be discontinued at least 2 weeks prior to initiating 
therapy with SINEMET. 

SINEMET is contraindicated in patients with known 
hypersensitivity to this drug and in narrow-angle 
glaucoma. 

Because levodopa may activate a malignant mela- 
noma, it should not be used in patients with suspicious, 
undiagnosed skin lesions or history of melanoma 
Warnings: Levodopa must be discontinued at least 8 
hours before SINEMET is started. SINEMET should be 
substituted at a dosage that will provide approximately 
25 percent of the previous levodopa dosage. (See 
DOSAGE AND ADMINISTRATION section of Prescrib- 
ing Information.) Patients taking SINEMET should be 
instructed not to take additional levodopa unless pre- 
scribed 

As with levodopa, SINEMET may cause involuntary 
movements and mental disturbances. These reactions 
may be due to increased brain dopamine following ad- 
ministration of levodopa. All patients should be ob- 
served carefully for development of depression with 
concomitant suicidal tendencies. Treat with caution pa- 
tients with past or current psychoses. Because carbi- 
dopa permits more levodopa to reach the brain and, 
thus, more dopamine to be formed, dyskinesias may 
occur atlower dosages and sooner with SINEMET than 
with levodopa. Occurrence of dyskinesias may require 
dosage reduction. 

SINEMET should be administered cautiously to pa- 
tients with severe cardiovascular or pulmonary dis- 
ease, bronchial asthma, renal, hepatic or endocrine 
disease. 

Exercise care in administering SINEMET, as with 
levodopa, to patients with history of myocardial infarc- 
tion who have residual atrial, nodal, or ventricular ar- 
rhythmias. In such patients, cardiac function should be 
monitored with particular care during period of initia! 
dosage adjustment, in a facility with provisions for in- 
tensive cardiac care. 

As with levodopa, there is possibility of upper GI 
hemorrhage in patients with history of peptic ulcer. 

A symptom complex resembling the neuroleptic 
malignant syndrome including muscular rigidity, ele- 
vated body temperature, mental changes, and in- 
creased serum creatine phosphokinase has been 
reported when antiparkinsonian agents were with- 
drawn abruptly. Therefore, patients should be ob- 
served carefully when the dosage of SINEMET is 
reduced abruptly or discontinued, especially if the pa- 
tient is receiving neuroleptics 

Usage in Pregnancy and Lactation: Although ef- 
fects of SINEMET on human pregnancy and lactation 
are unknown, both levodopa and combinations of car- 
bidopa and levodopa have caused visceral and skele- 
tal malformations in rabbits. Use of SINEMET in women 
of childbearing potential requires that anticipated ben- 
efits of the drug be weighed against possible hazards 
to mother and child. SINEMET should not be given to 
nursing mothers. 

Usage in Children: Safety of SINEMET in patients 
under 18 has not been established. 

Precautions: As with levodopa, periodic evaluations 
of hepatic, hematopoietic, cardiovascular, and renal 
function are recommended during extended therapy. 

Patients with chronic wide-angle glaucoma may be 
treated cautiously with SINEMET provided intraocular 
pressure is well controlled and patient is monitored 
carefully for changes in intraocular pressure during 
therapy. 

Laboratory Tests: Abnormalities in laboratory tests 
may include elevations of liver function tests such as al- 
kaline phosphatase, SGOT (AST), SGPT (ALT), lactic 
dehydrogenase, and bilirubin. Abnormalities in pro- 
tein-bound iodine, blood urea nitrogen, and positive 
Coombs test have also been reported. Commonly, 
levels of blood urea nitrogen, creatinine, and uric acid 
are lower during administration of SINEMET than with 
levodopa. 


SINEMET® (Carbidopa-Levodopa, MSD) may 
Cause a false-positive reaction for urinary ketone 
bodies when atest tape is used for determination of ke- 
tonuria. This reaction will not be altered by boiling the 
urine specimen. False-negative tests may result with 
the use of glucose-oxidase methods of testing for glu- 
cosuria. 

Drug Interactions: Caution should be exercised 
when the following drugs are administered concomi- 
tantly with SINEMET. 

Symptomatic postural hypotension can occur 
when SINEMET is added to the treatment of a patient re- 
ceiving antihypertensive drugs. Therefore, when ther- 
apy with SINEMET is started, dosage adjustment of the 
antihypertensive drug may be required. For patients re- 
ceiving monoamine oxidase inhibitors, see CONTRA- 
INDICATIONS (above). 

There have been rare reports of adverse reactions, 
including hypertension and dyskinesia, resulting from 
the concomitant use of tricyclic antidepressants and 
SINEMET 

Phenothiazines and butyrophenones may reduce 

the therapeutic effects of levodopa. In addition, the 
beneficial effects of levodopa in Parkinson's disease 
have been reported to be reversed by phenytoin and 
papaverine. Patients taking these drugs with SINEMET 
should be carefully observed for loss of therapeutic 
response. 
Adverse Reactions: Most common serious adverse 
reactions occurring with SINEMET are choreiform, dys- 
tonic, and other involuntary movements. Other serious 
adverse reactions are mental changes including para- 
noid ideation and psychotic episodes, depression 
with or without development of suicidal tendencies, 
and dementia. Convulsions also have occurred: how- 
ever, a Causal relationship with SINEMET has not been 
established. 

A common but less serious effect is nausea. 

Less frequent adverse reactions are cardiac irreg- 
ularities and/or palpitation, orthostatic hypotensive 
episodes, bradykinetic episodes (the “on-off” phe- 
nomenon), anorexia, vomiting, and dizziness. 

Rarely, GI bleeding, development of duodenal ul- 
cer, hypertension, phlebitis, hemolytic and non-hemo- 
lytic anemia, thrombocytopenia, leukopenia, and 
agranulocytosis have occurred 

Laboratory tests which have been reported to be 
abnormal are alkaline phosphatase, SGOT (AST), 
SGPT (ALT), lactic dehydrogenase, bilirubin, blood 
urea nitrogen, protein-bound iodine, and Coombs test. 

Other adverse reactions that have been reported 
with levodopa are: Nervous System: ataxia, numbness, 
increased hand tremor, muscle twitching, muscle 
cramps, blepharospasm (which may be taken as an 
early sign of excess dosage, consideration of dosage 
reduction may be made at this time), trismus, activation 
of latent Horner's syndrome. Psychiatric: confusion, 
sleepiness, insomnia, nightmares, hallucinations, de- 
lusions, agitation, anxiety, euphoria. Gastrointestinal: 
dry mouth, bitter taste, sialorrhea, dysphagia, bruxism, 
hiccups, abdominal pain and distress, constipation, di- 
arrhea, flatulence, burning sensation of tongue. Meta- 
bolic: weight gain or loss, edema. Integumentary: 
malignant melanoma (see also CONTRAINDICA- 
TIONS), flushing, increased sweating, dark sweat, skin 
rash, loss of hair. Genitourinary: urinary retention, uri- 
nary incontinence, dark urine, priapism. Special 
Senses: diplopia, blurred vision, dilated pupils, oculo- 
gyric crises. Miscellaneous; weakness, faintness, fa- 
tigue, headache, hoarseness, malaise, hot flashes, 
sense of stimulation, bizarre breathing patterns, neuro- 
leptic malignant syndrome. 

Overdosage: Management of acute overdosage with 
SINEMET is basically the same as management of 
acute overdosage with levodopa; however, pyridoxine 
is not effective in reversing the actions of SINEMET. 
How Supplied: Tablets SINEMET 10-100, SINEMET 25- 
100, and SINEMET 25-250 are supplied in bottles of 100 
and unit dose packages of 100. 

Storage 

Tablets SINEMET 10-100 and Tablets SINEMET 25-250 
must be protected from light. 


For more detailed information, consult M MSD D 


your MSD Representative or see Pre- 
scribing Information. Merck Sharp & MERCK 
Dohme, Division of Merck & Co., Inc., SHARR: 
West Point, PA 19486 J8S131 (117) DOHME 


Stroke Associated With Cocaine Use 


David C. Klonoff, MD; Brian T. Andrews, MD; William G. Obana, MD 


@ We describe eight patients in whom 
cocaine use was related to stroke and re- 
view 39 cases from the literature. Among 
these 47 patients the mean (+ SD) age was 
32.5 + 12.1 years; 76% (34/45) were 
men. Stroke followed cocaine use by in- 
halation, intranasal, intravenous, and in- 
tramuscular routes. Intracranial aneu- 
rysms or arteriovenous malformations 
were present in 17 of 32 patients studied 
angiographically or at autopsy; cerebral 
vasculitis was present in two patients. Ce- 
rebral infarction occurred in 10 patients 
(22%), intracerebral hemorrhage in 22 
(49%), and subarachnoid hemorrhage in 
13 (29%). These data indicate that (1) the 
apparent incidence of stroke related to 
cocaine use is increasing; (2) cocaine-as- 
sociated stroke occurs primarily in young 
adults; (3) stroke may follow any route of 
cocaine administration; (4) stroke after 
cocaine use is frequently associated with 
intracranial aneurysms and arteriovenous 
malformations; and (5) in cocaine-associ- 
ated stroke, the frequency of intracranial 
hemorrhage exceeds that of cerebral in- 
farction. 

(Arch Neurol. 1989;46:989-993) 


ocaine abuse in the United States 

has increased dramatically over 
the past decade.! The number of co- 
caine abusers,” the amount of cocaine 
used, and the purity of available 
cocaine’ are all increasing. Between 
1978 and 1986, the number of emer- 
gency room visits and deaths related to 
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cocaine abuse increased 10-fold; co- 
caine is the drug most frequently in- 
volved in emergency room visits.*” 

Cocaine is a potent vasoconstrictor‘ 
and has been associated with such 
vascular complications as myocardial 
infarction,’ optic neuropathy,‘ intesti- 
nal ischemia,’ and decreased uterine 
blood flow.'® Strokes, including cere- 
bral infarction, and subarachnoid and 
intracerebral hemorrhage have all 
been reported in association with co- 
caine abuse.''”’ In the face of nearly a 
50% decline in the number of deaths 
related to stroke in the United States 
over the past decade,” the number of 
cocaine-related strokes over the same 
period has increased markedly (Fig 
1)."'27 We report eight new cases of 
stroke associated with cocaine use and 
review the 39 cases previously reported 
in the literature through 1987. 


REPORT OF CASES 


CasE 1.—A 29-year-old woman with a 
history of intravenous drug abuse devel- 


” 
o 
” 
y 
O 
=— 
O 
e} 
z 


Year 





oped right-sided weakness and aphasia 
within minutes after smoking “crack” co- 
caine and ingesting 40 mg of trifluoperazine 
hydrochloride (Stelazine) along with an 
unknown amount of alcohol. On admission 
to the hospital, the patient had a blood 
pressure of 120/80 mm Hg. She had a glo- 
bal aphasia and a right hemiparesis and 
hemianesthesia. A computed tomographic 
(CT) brain scan demonstrated an intrace- 
rebral hemorrhage in the region of the left 
basal ganglion with uncal herniation and no 
subarachnoid hemorrhage. A cerebral an- 
giogram performed 48 hours after the 
stroke occurred demonstrated irregular 
narrowing and beading of the left middle 
cerebral artery and several of its sylvian 
branches consistent with a vasculitis (Fig 
2). The irregularity of the narrowing of this 
artery and the involvement of its branches 
suggested a diagnosis of vasculitis rather 
than vasospasm. No other areas of vaso- 
spasm were noted. The patient became in- 
creasingly obtunded and on the third hos- 
pital day underwent a craniotomy and evac- 
uation of the hematoma. Postoperatively, 
the patient became alert but had a persis- 
tent dysphasia and right hemiparesis. 
Case 2.—A 25-year-old man with a his- 


Fig 1.—Annual incidence of reported cases of cocaine-associated stroke. 
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Fig 2.—Anteroposterior angiogram of the left 
internal carotid artery (case 1) shows narrow- 
ing and beading of the proximal middle cerebral 
artery (arrowhead) suggestive of a vasculitis. 


tory of intravenous drug abuse was hospi- 
talized after he was found unresponsive 
with a syringe and unidentified white pow- 
der at his side. On admission to the hospi- 
tal, he had a blood pressure of 190/110 mm 
Hg. He was comatose, had extensor postur- 
ing on the left side, and was paralyzed on 
the right side. Urinalysis to determine the 
presence of toxic substances revealed co- 
caine and codeine. A CT brain scan demon- 
strated a diffuse subarachnoid hemorrhage 
with blood in the fourth ventricular space 
and obstructive hydrocephalus. Cerebral 
angiography demonstrated spasm of the 
posterior cerebral and superior cerebellar 
arteries bilaterally as well as an anterior 
communicating artery aneurysm, which 
was considered to be incidental. The patient 
improved neurologically but remained dys- 
arthric. 

Case 3.—A 40-year-old woman presented 
to the hospital complaining of 2 days of 
blurred vision which began within 1 hour of 
intranasal use of 0.3 g of cocaine and con- 
sumption of 10 alcoholic drinks. She had a 
history of occasional intranasal use of co- 
caine during the previous 4 years and of 
semiannual migraines with visual scoto- 
mata. She used clomiphene citrate 5 days 
per month for infertility. On physical ex- 
amination she had a blood pressure of 126/ 
90 mm Hg, and a left homonymous inferior 
quadrantanopia was detected. Magnetic 
resonance imaging of the brain demon- 
strated an abnormality in the medial right 
occipital cortex consistent with an acute is- 
chemic cerebral infarction (Fig 3). Bilat- 
eral duplex scans of the carotid arteries, 
two-dimensional echocardiography, anti- 
nuclear antibody serology, and results of 
multiple blood (chemistry, hematology, and 
thyroid) and cerebrospinal fluid studies 
were unremarkable. The patient’s vision 
remained unchanged 10 months after dis- 
charge from the hospital. 

CASE 4.—A 32-year-old man with a his- 
tory of cocaine abuse presented to the hos- 
pital after an acute onset of headache, diz- 
ziness, and left-sided weakness that began 
several hours after he had used cocaine in- 
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Fig 3.—This T.-weighted magnetic resonance 
image of the brain (case 3) demonstrates 
increased signal in the right occipital cortex 
(arrow) consistent with a cerebral infarction. 





* IV indicates intravenous administration. 


Table 1.—Characteristics of Eight Patients With Cocaine-Associated Stroke 


Vasculart 
Patient / Route of Cocaine-Stroke Type of ——————___, 
Sex/Age, y Administration * Interval Stroket Anatomy Location Outcome 

1/F/29 Inhaled Minutes ICH Beading L MCA Survived 
2/M/25 IV Unknown SAH Spasm PCA, SuCeA Survived 
3/F/40 Nasal 1h Infarct tars a ae Survived 
4/M/32 Nasal Hours ICH Aneurysm ACoA Survived 
5/M/22 Nasal 10h SAH Aneurysm ACoA Died 
6/M/43 Unknown Unknown SAH Aneurysm CoW Died 
7/M/34 IV 10h ICH WNL hA Died 
8/M/56 Unknown Unknown ICH WNL Hah Died 





Fig 4.— Anteroposterior angiogram of the right 
internal carotid artery (case 5) shows an 
aneurysm of the anterior communicating artery 
(arrow). 


tICH indicates intracerebral hemorrhage, and SAH, subarachnoid hemorrhage. 
WNL indicates within normal limits; L MCA, left middle cerebral artery; PCA, posterior cerebral artery; SuCeA, 
superior cerebral artery; ACoA, anterior communicating artery; and CoW, circle of Willis. 


tranasally. On admission to the hospital, 
the patient had a blood pressure of 220/110 
mm Hg and a mild left-sided hemiparesis. 
Urinalysis to screen for toxic substances 
demonstrated cocaine, phenobarbital, mor- 
phine, and codeine. A CT brain scan dem- 
onstrated a large temporoparietal intrace- 
rebral hemorrhage on the right side with 
extension into the right lateral ventricle. 
Cerebral angiography demonstrated an an- 
terior communicating artery aneurysm. It 
was not known definitely whether the he- 
matoma was related to rupture of this an- 
eurysm or to a hemorrhage from the right 
internal carotid artery or another vascular 
abnormality not noted during surgery or 
angiography. The patient underwent a 
craniotomy to evacuate his intracerebral 
hemorrhage and clip his aneurysm. The in- 
ternal carotid artery was found to be fria- 
ble, and on initial exposure, it ruptured; 
control of the bleeding required occlusion of 
this artery. Postoperatively, the patient 
had a dense left-sided hemiparesis, and a 
CT brain scan demonstrated a new infarc- 
tion in the right middle cerebral artery dis- 


iribution. Obstructive hydrocephalus de- 
veloped and was treated with a ventricular- 
peritoneal shunt; however, the patient has 
remained hemiparetic. 

CASE 5.—A 22-year-old man was hospi- 
talized after he was found unresponsive in 
bed 10 hours after he was witnessed to have 
consumed 1 g of cocaine intranasally and 
unknown amounts of alcohol and mari- 
juana. On physical examination, his blood 
pressure was 148/86 mm Hg; he was lethar- 
gic without focal neurologic deficits. Uri- 
nalysis for toxic substances revealed the 
presence of cocaine and marijuana. A CT 
brain scan demonstrated a massive intra- 
ventricular and subarachnoid hemorrhage. 
A cerebral angiogram showed an anterior 
communicating artery aneurysm (Fig 4). 
Over the next day the patient became pro- 
gressively obtunded, but a repeated CT scan 
was unchanged. He underwent a craniot- 
omy for aneurysm clipping and institution 


of ventricular drainage. Postoperatively, Ļ 


the patient remained comatose. He devel- 
oped pneumonia and died on the fourth 
postoperative day. 
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Vascular§ 
Case/Sex/ Route of Cocaine-Stroke Type of — ŘŘŘ 
Source, y Age, y Administrationt Interval Stroket Anatomy Location Outcome 
Brust and Richter,'' 1977 1/M/43 IM 1-2h Infarct ove ad Survived 
Lundberg et al,'? 1977 2/M/28 Nasal During SAH Aneurysm R SuCeA Died 
Caplan et al, 1982 3/M/22 Nasal 30 min ICH WNL Sai ? 
Lichtenfeld et al,'* 1984 4/F/29 Nasal Minutes SAH Aneurysm ACoA Survived 
5/F/24 Nasal 5-10 min ICH AVM R PCA-MCA Survived 
Schwartz and Cohen,'® 1984 6/F/23 Nasal During SAH Aneurysm R PCoA Survived 
7/M/30 ? ? ICH WNL — Survived 
8/M/32 ? 1d Infarct Occlusion; R PCA Survived 
stenosis R ACA, MCA 
Chasnoff et al,"© 1986 9/M/birth In utero 15h Infarct This Survived 
Rogers et al,” 1986 10/F/34 ? 10 min ? Aneurysm ? Died 
Golbe and Merkin, '? 1986 11/M/27 Inhaled 4h Infarct Occlusion; R MCA Br Survived 
stenosis R ICA 
Mittleman and Wetli,"? 1987 12/M/50 Nasal ? ICH ? ? Died 
13/M/35 Nasal ? ICH ? ? Died 
14/F/26 ? ? ICH AVM R Parietal Died 
15/F/23 Nasal ? ICH Aneurysms R ACA/MCA Died 
16/F/28 ? ? ICH AVM R TPA Died 
Mody et al,?' 1987 18/27/?° ? ? ICH ? ? ? 
19/?/?° ? ? Infarct ? ? T 
Tuchman et al,** 1987 20/M/21-40 ? ? ICH 7 ? ? 
21/M/21-40 ? ? ICH ? ? ? 
22/M/21-40 ? ? ICH ? ? ? 
23/M/21-40 ? ? SAH 7 ? ? 
24/M/21-40 ? ? SAH ? ? ? 
Wojak and Flamm,” 1987 25/M/22 Inhaled During SAH Aneurysm R PcoA Survived 
26/F/29 ? T SAH Aneurysm R PCoA Died 
27/M/34 IV Minutes ICH WNL aia Survived 
28/M/22 Nasal During ICH AVM L Frontal Survived 
29/M/42 ? During ICH WNL — Survived 
30/M/51 Nasal 1d ICH WNL — Died 
Kaye and Fainstat,** 1987 31/M/22 Nasal During Infarct Occlusion; R ACA Survived 
beading R ICA 
Lowenstein et al,*° 1987 32/M/57 Nasal Minutes ICH ? ? ? 
33/M/32 IV Hours ICH AVM ? ? 
34/M/46 Nasal 4.5h Infarct WNL ee ? 
35/M/22 IV Hours SAH Infarcts Aneurysm; L ACA ? 
spasm PCA Br 
Altes-Capella et al,*° 1987 36/F/24 IV During SAH Aneurysm ACoA Survived 
Levine et al,” 1987 37/M/27 Inhaled During Infarct Stenosis L MCA Br Survived 
38/M/25 Inhaled During ? Es Survived 
39/M/48 Inhaled During ? WNL Survived 


* Question mark indicates, information was not reported. 

+IM indicates intramuscular administration; and IV, intravenous administration. 

+SAH indicates subarachnoid hemorrhage; and ICH, intracerebral hemorrhage. 

§WNL indicates the findings were within normal limits; AVM, arteriovenous malformation; R SuCeA, right superior cerebellar artery; ACOA, anterior communicating ar- 
tery; PCA, posterior cerebral artery; MCA, middle cerebral artery; PCoA, posterior communicating artery; ACA, anterior cerebral artery; Br, branches; ICA, internal carotid 


artery; and TPA, temporoparietal arteries. 


Case 6.—A 43-year-old man was hospi- 
talized after he was found unconscious with 
a cellophane bag containing cocaine at his 
side. On physical examination the patient’s 
blood pressure was 260/120 mm Hg; he was 
comatose and paralyzed. Blood and urine 
analyses for toxic substances revealed the 
presence of cocaine. A CT brain scan dem- 
onstrated a subarachnoid hemorrhage and 
hydrocephalus. The patient was considered 
not to be a candidate for surgery. He re- 
mained comatose and died on the second 
hospital day. Autopsy disclosed a ruptured 
aneurysm of the circle of Willis. 

Case 7.—A 34-year-old man with a his- 
tory of intravenous cocaine and heroin 
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abuse was hospitalized for seizures that oc- 
curred 9 hours after intravenous cocaine 
injection and 8 hours after the onset of 
headache. On admission to the hospital, the 
patient had a blood pressure of 170/110 mm 
Hg. He was comatose with decerebrate 
posturing and flaccid quadriparesis. Blood 
and urine analyses for toxic substances re- 
vealed the presence of cocaine. A CT brain 
scan demonstrated a massive intracerebral 
hemorrhage on the left side with extension 
into the ventricular system and hydroceph- 
alus. The patient remained comatose and 
died 6 hours after admission. Autopsy dis- 
closed an intracerebral hemorrhage but no 
vascular abnormality. 


Case 8.—A 56-year-old man with a his- 
tory of “crack” cocaine and intravenous 
drug abuse was found on a sidewalk uncon- 
scious. He was hospitalized and on physical 
examination had a blood pressure of 240/ 
140 mm Hg; he was comatose and paralyzed. 
Blood and urine analyses for toxic sub- 
stances revealed the presence of cocaine. A 
CT brain scan showed a thalamic hemor- 
rhage on the left side with extension into 
the ventricular system and hydrocephalus; 
no vascular abnormalities were demon- 
strated on cerebral angiography. Ventricu- 
lar drainage was instituted, but the patient 
remained comatose and died on the fifth 
hospital day. 
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Fig 5.—Age distribution in 47 cases of co- 
caine-associated stroke. 


The clinical characteristics of these eight 
patients are summarized in Table 1. 


COMMENT 


In 1977 Brust and Richter? and 
Lundberg et al? reported the first 
stroke cases that were clinically re- 
lated to cocaine use. Even until 1986 
only a handful of similar cases ap- 
peared in the literature (Fig 1). By 
1987, 28 additional cases of stroke re- 
lated to cocaine use were reported,” 
bringing the total number of such 
cases to 39 (Table 2). 

Review of all 47 known cases shows 
that the mean (+SD) age at the time 
of stroke onset was 32.5 + 12.1 years. 
Patients in their 20s were most fre- 
quently affected, and the incidence de- 
clined with each additional decade of 
life (Fig 5), in contrast to the general 
population, where the incidence of 
stroke more than doubles with each 
successive decade.” This peak in the 
third decade of life and decline with 
advancing age parallels the age-re- 
lated incidence of cocaine abuse.? 
Among the 45 cases where patient sex 
was noted, 76% (34 patients) were 
men, a proportion paralleling the 
greater frequency of cocaine abuse 
among men than among women.? 

Stroke occurred after intranasal co- 
caine use, inhalation of the purified 
form of cocaine known as “crack” 
cocaine,” and intravenous or intra- 
muscular cocaine injection. The onset 
of stroke occurred at the time of co- 
caine use in 10 cases and within min- 
utes to as long as a day after use in 20 
cases. In three of our eight patients the 
interval was not known, but their urine 
or blood toxicologic analyses revealed 
the presence of cocaine, suggesting use 
within the previous 10 hours.” 

Three of our patients had ingested 
alcohol in addition to cocaine, and 
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three patients had urine toxicology re- 
sults indicating use of codeine, phe- 
nobarbital, morphine, or marijuana. 
Alcohol intoxication is associated with 
an increased risk of stroke.” and may 
have contributed to the occurrence of 
strokes in these individuals. Sub- 
stances used to adulterate cocaine” or 
the other abused drugs may have con- 
tributed to the occurrence of strokes in 
these patients, but an association be- 
tween these drugs and stroke has not 
been reported." One patient had a his- 
tory of migraines with visual scoto- 
mata and of using clomiphene before 
developing an ischemic infarction in 
the occipital cortex after cocaine use. 
Classic migraines may be causally re- 
lated to the occurrence of ischemic 
stroke,* and this factor may have 
played a role in the development of an 
infarct in this patient. There is no 
known relationship between clomi- 
phene therapy and stroke. 

Among the 47 patients with cocaine- 
related stroke, cerebral infarction oc- 
curred in only 10 (22%) and intracra- 
nial hemorrhage occurred in 35 (78% ) 
(intracerebral in 22 [49%] and sub- 
arachnoid in 13 [29% ]). This propor- 
tion is in significant contrast to 
the general population where bland 
infarctions are four times as fre- 
quent as intracranial hemorrhages 
(P< .001).* One patient had two 
types of stroke and three patients had 
unknown stroke types. 

Among the 32 patients studied an- 
giographically when the stroke oc- 
curred or examined at autopsy, 23 
(72%) had an abnormality of cere- 
brovascular anatomy. Among these 23 
patients 2 had double abnormalities. 
Twelve patients had intracranial an- 
eurysms; 9 of these presented with a 
subarachnoid hemorrhage, 2 with an 
intracerebral hemorrhage; and 1 with 
an unreported type of stroke. Five pa- 
tients had arteriovenous malforma- 
tions, all of whom had an intracerebral 
hemorrhage. Six patients had arterial 
occlusions, stenosis, or vasospasm (5 
had infarctions and 1 had a subarach- 
noid hemorrhage), and 2 patients had 
changes consistent with a vasculitis (1 
had an infarct and the other an intra- 
cerebral hemorrhage). Twenty-one of 
35 patients (60% ) survived. 

Cocaine is a potent vasoconstrictor 
and causes dose-related elevations in 
blood pressure and pulse.” Vasocon- 
striction may occur because of in- 
creased activity of norepinephrine and 
dopamine in the central and periph- 
eral nervous systems.°®* An increase in 
blood pressure and cardiac output af- 
ter cocaine use is likely to result in 
rupture of previously occult intracra- 


nial aneurysms and arteriovenous 
malformations, or in spontaneous in- 
tracerebral hemorrhage. Cocaine is 
also reported to cause vascular throm- 
bosis because of increased endovascu- 
lar synthesis of thromboxane relative 
to prostacyclin. Hypertension,” com- 
bined with increased thrombotic activ- 
ity, may lead to ischemic cerebral in- 
farctions. Cerebral vasculitis follow- 
ing cocaine abuse has been reported 
previously in only a single patient.” 
Vasculitis has more frequently been 
associated with abuse of amphet- 
amine, heroin, and lysergic acid dieth- 
ylamide, and may cause either cere- 
bral infarction or intracranial hem- 
orrhage.” 

We conclude that (1) the apparent 
incidence of stroke related to cocaine 
use is increasing; (2) cocaine-associ- 
ated stroke is primarily a disease of 
young adults; (3) stroke may occur fol- 
lowing any route of cocaine adminis- 
tration; (4) stroke after cocaine use is 
frequently associated with cere- 
brovascular abnormalities including 
intracranial aneurysms and arterio- 
venous malformations; and (5) in co- 
caine-associated stroke the frequency 
of intracranial hemorrhage exceeds 
that of cerebral infarction. Recent co- 
caine use must be included among the 
risk factors for stroke in the young 
adult. 


Donna Allison, PhD, and Gary Chan, MD, 
referred cases to us, Ann Blanken provided help- 
ful advice, Stephen Ordway provided editorial as- 
sistance, and Dorothea Faber and Bruce Faber 
provided expert secretarial assistance. 
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Brain Phosphorus Magnetic Resonance Spectroscopy in 
Acute Bacterial Meningitis 


Paul M. Matthews, MD, DPhil; Eric Shoubridge, PhD; Douglas L. Arnold, MD, FRCPC 


@ The metabolic basis of the encepha- 
lopathy associated with acute bacterial 
meningitis is unknown. The presence of 
cerebrospinal fluid lactic acidosis and hy- 
poglycorrhachia suggests that intracellu- 
lar acidosis or cellular energy depletion 
may play a role. Phosphorus magnetic 
resonance spectroscopy allows for the 
noninvasive determination of intracellular 
pH and relative amounts of phosphate- 
containing metabolites in humans. In 
seven normal volunteers, the intracellular 
pH of a mixed volume of gray and white 
matter was 7.00 + 0.04 (mean + SD). 
The apparent relative intensities of reso- 
nances from adenosine triphosphate, 
phosphocreatine, phosphodiesters and 
phosphomonoesters, and inorganic phos- 
phate were measured. An encephalopathic 
patient with pneumococcal meningitis who 
had severe cerebrospinal fluid lactic acido- 
sis was studied. Brain intracellular pH and 
relative phosphate metabolite concentra- 
tions were normal. Intracellular acidosis 
and bioenergetic compromise are there- 
fore not causes of encephalopathy in this 
disease. This also demonstrates that the 
human brain can maintain tight control of 
intracellular pH even in the presence of 
marked extracellular metabolic acidosis. 

(Arch Neurol. 1989;46:994-996) 


A Prominent feature of acute bacte- 

rial meningitis is a global enceph- 
alopathy that may take days to resolve 
fully despite effective antibiotic ther- 
apy. The mechanism is unknown. 
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Clearly demonstrated metabolic 
changes include hypoglycorrhachia 
and cerebrospinal fluid (CSF) lactic 
acidosis, which arises from an anaero- 
bic shift in normally oxidative cerebral 
metabolism.' Factors derived from 
leukocytes increase brain glucose uti- 
lization and lactate production in 
vitro.? Anaerobic metabolism may be 
further accelerated by ischemia sec- 
ondary to vasculitis or by increased 
intracranial pressure from edema. 
Other conditions associated with in- 
creased cerebral glycolytic metabo- 
lism are accompanied by decreases in 
brain intracellular pH. Intracellular 
acidosis has been demonstrated in an- 
imal brains subjected to hypoxia or is- 
chemia and in prolonged status 
epilepticus.** 

Intracellular acidosis appears to im- 
pair brain function. It has been shown 
in vitro to alter transmitter storage 
and release, regulation of cytosolic 
calcium and its influx, and calmodulin 
sensitivity. It may also impair cellular 
energy production.’ Periventricular 
intracellular acidosis is associated 
with symptoms of dementia in pa- 
tients with normal pressure hydro- 
cephalus who respond to CSF 
shunting.’ The global neurologic ab- 
normalities associated with carbon di- 
oxide retention in respiratory failure 
have been linked to the accompanying 
respiratory acidosis. More generally, 
Posner and Plum‘ reported data show- 
ing that systemic acidosis may cause 
encephalopathy if it is associated with 
CSF acidosis. As one possible hypoth- 
esis, they proposed that brain intra- 
cellular acidosis accompanying signif- 
icant CSF acidosis is the cause of 
cellular dysfunction leading to clinical 
signs of encephalopathy. To our knowl- 
edge, this hypothesis has yet to be 
tested. 


We wish to report a phosphorus 
magnetic resonance study of brain me- 
tabolism in normal volunteers and in 
an encephalopathic patient with pneu- 
mococcal meningitis and severe CSF 
acidosis. This technique allows nonin- 
vasive determination of the brain in- 
tracellular pH and quantitative as- 
sessment of the bioenergetic state. 
Study of the patient with meningitis 
demonstrated that the encephalopa- 
thy was not a result of either intracel- 
lular acidosis or energy failure. 


REPORT OF A CASE 


The patient was a 29-year-old man who 
presented to the emergency room with con- 
fusion and fever and a 2-day history of right 
ear pain with purulent drainage. Treatment 
with chloramphenicol sodium succinate 
(chosen because of a penicillin allergy) was 
begun after an emergent lumbar puncture 
(opening pressure of 26 em H,O) that dem- 
onstrated cloudy CSF with polymorphonu- 
clear cells numbering 85 X 10°/L and abun- 
dant Pnewmococcus on Gram’s stain. On 
examination he was somnolent and con- 
fused without focal neurologic signs. His 
right tympanic membrane was bloody and 
distended, and skull roentgenograms 
showed signs of mastoiditis on the right 
side. A computed tomographic (CT) scan of 
the head showed signs of mild diffuse cere- 
bral edema. Over the next 48 hours, the pa- 
tient became less somnolent but remained 
confused and agitated. A second lumbar 
puncture (opening pressure of 46 cm H,O) 
demonstrated a leukocyte count of 
900 X 10°/L with differential fractions of 
0.65 lymphocytes, 0.25 monocytes, and 0.10 
polymorphonuclear cells per cubic millime- 
ter. A mastoidectomy on the right was per- 
formed. Over the next 24 to 48 hours, the 
patient recovered normal mentation. A full 
course of antibiotics was completed un- 
eventfully. 


METHODS 


Magnetic resonance spectroscopy and 
imaging examinations were performed 
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with a T,;, 1-m bore clinical magnetic res- 
onance imaging and spectroscopy system 
(Philips, Best, Holland) operating at T,; 
(25.84 MHz for phosphorus 31). Brain phos- 
phorus spectra were accumulated using a 
modified image-selected in vivo spectros- 
copy pulse sequence’ from a volume of 
interest selected using multiple transverse 
and sagittal proton images. The spectrum 
represents the average of 256 free induction 
decays that were obtained with an inter- 
pulse delay of 3 seconds. These conditions 
result in differential saturation of reso- 
nances. Chemical shifts were measured rel- 
ative to the phosphocreatine resonance po- 
sition. Resolution enhancement to demon- 
strate the absence of multiple components 
in the inorganic phosphate resonance was 
performed using convolution difference." 
Overlap of the inorganic phosphate reso- 
nance with those from phosphodiesters pre- 
cludes accurate measurement of its chemi- 
cal shift directly. The nonlinear optimiza- 
tion procedure developed by Philips to fit 
decaying exponentials of the free induction 
decay in the time domain was used to 
determine the inorganic phosphate chemi- 
cal shift independently of effects resulting 
from resonance overlap. Intracellular cyto- 
plasmic pH was measured from the chem- 
ical shift of inorganic phosphate." Relative 
resonance amplitudes were measured with 
respect to the adenosine triphosphate 6- 
phosphate resonance by weighing cutouts 
from plotted spectra. The CSF lactate con- 
centration was measured by enzymatic 
assay.” 


COMMENT 


Seven young, healthy volunteers 
were studied while awake and without 
sensory deprivation. The volume of in- 
terest for spectroscopic examination 
was selected with coordinates obtained 
from sagittal and transverse magnetic 
resonance images with the head 
lightly restrained in the combined 
spectroscopy/imaging head coil. The 
volume of interest of approximately 
300 cm? included the centrum semio- 
vale, deep gray matter, and adjacent 
structures. Although this volume in- 
cludes a small amount of CSF in the 
lateral and third ventricles, studies 
(D.L.A., E.S., and P.M.M., unpub- 
lished data) of hydrocephalic 
patients have demonstrated that con- 
centrations of phosphate-containing 
metabolites in the CSF are too small to 
be observed with these experimental 
conditions. 

The intracellular pH of this mixed- 
tissue volume was 7.00 + 0.04 
(mean + SD; n = 7). In no case was 
significant broadening of the phos- 
phate resonance relative to the phos- 
phocreatine resonance observed, a 
finding expected if there is pH hetero- 
geneity of approximately 0.05 pH unit 
or more in observable nonexchanging 
phosphate-containing compartments 
(eg, in different cell types) within the 


E 6 8602. 28 tal AA O..ws. ulna AONA 


S eS EES 


—5.0 


=10.0  —=190 —200  =Z50 





Phosphorus magnetic resonance spectra at T, s from human brain. Top, Spectrum A was obtained 
from a normal control. Resonances are assigned as follows: 1, phosphodiesters; 2, intracellular 
inorganic phosphate; 3, phosphomonoesters; 4, phosphocreatine; 5, adenosine triphosphate 
groups primarily. Center, Spectrum B is from a similarly localized volume in the patient described. 
Relative resonance intensities are the same as in spectrum A, demonstrating a normal bioener- 
getic state. The vertical broken line intersecting the inorganic phosphate resonances identically 
in A and B demonstrates that intracellular pH, measured from the chemical shift of the inorganic 
phosphate resonance, is also unchanged from normal. Bottom, Spectrum C was generated from 
the data used for spectrum B mathematically manipulated to enhance resonance resolution. ppm 


indicates parts per million. 


total volume.” Brain intracellular pH 
in humans is similar to that of human 
muscle”? and somewhat lower than re- 
ported for anesthetized and ventilated 
rats."* 

Resonances from adenosine triphos- 
phate, phosphocreatine, phosphodi- 
esters and phosphomonoesters, and in- 
organic phosphate were detected. 
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Resonance intensities relative to the 
adenosine triphosphate 6-phosphate 
resonance were measured (mean + 
SD; n=6): phosphocreatine, 1.44 + 
0.28; phosphodiesters, 3.79 + 0.36; in- 
organic phosphate, 0.57 + 0.13; and 
phosphomonoesters, 1.37 + 0.17. Be- 
cause of differential saturation effects, 
the relative intensities do not directly 


995 


reflect relative average concentrations 
in the volume of interest, but changes 
in relative signal intensities will re- 
main a good index of changes in rela- 
tive concentrations. 

A phosphorus magnetic resonance 
examination of the patient with pneu- 
mococcal meningitis was performed 
approximately 48 hours after admis- 
sion to the hospital. His mental status 
had improved since antibiotic therapy 
had been begun, but he remained stu- 
porous and confused. Routine trans- 
verse magnetic resonance images ob- 
tained for selection of the volume of 
interest for spectroscopy showed signs 
consistent with mild diffuse edema and 
no focal lesions. A localized phospho- 
rus magnetic resonance spectrum was 
accumulated from a central brain vol- 
ume of interest chosen exactly as for 
the healthy volunteers. Intensities of 
phosphocreatine (1.23), inorganic 
phosphate (1.44), and mixed phos- 
phomonoesters (1.50) and phosphodi- 
esters (3.33) relative to the adenosine 
triphosphate 6-phosphate were not 
significantly different from those mea- 
sured in spectra from normal controls 
(Figure). Intracellular concentrations 
of these compounds were therefore 
unchanged from the normal state. 
Changes in phosphocreatine and inor- 
ganic phosphate concentrations have 
been found to be sensitive markers for 
compromise of the cellular energy 
state." Thus, bioenergetic compromise 
cannot have contributed to the global 
encephalopathy. 

The intracellular pH measured from 
the chemical shift of intracellular in- 
organic phosphate was 6.98, well 
within the normal range. Analysis of 
the spectrum using a convolution dif- 
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ference technique to enhance resolu- 
tion could not demonstrate multiple 
components in the inorganic phos- 
phate resonance (Figure) as might be 
seen if different portions of the sample 
volume had different intracellular pH 
values. A lumbar puncture was per- 
formed approximately 12 hours later 
and showed CSF acidosis with a pH of 
7.08. Hypoglycorrhachia was present 
with a CSF glucose level of 2.1 mmol/ 
L and a simultaneously obtained se- 
rum glucose level of 7.6 mmol/L. The 
CSF lactate level was increased at 11.5 
mmol/L. Serum electrolyte levels (in- 
cluding particularly bicarbonate and 
chloride) were within normal limits. 

The absence of intracellular acidosis 
in this encephalopathic patient, de- 
spite at least recent (if not current) 
increased brain glycolytic activity and 
the marked extracellular acidosis, is 
notable. It is clear that a generalized 
intracellular acidosis did not contrib- 
ute to the encephalopathy exhibited by 
this patient at the time of examina- 
tion. However, as data were not ob- 
tained early in the patient’s course, the 
possibility that an intracellular acido- 
sis might have been present initially 
and was later compensated cannot be 
ruled out. 

To appreciate the importance of 
these findings, it is useful to review 
points concerning the methodology. 
Measurement of intracellular pH us- 
ing phosphorus magnetic resonance 
(specifically with the calibration curve 
used here) has been validated in ani- 
mal systems” and recently in 
humans.” Results are similar to those 
obtained by 5,5-djmethyloxazolidine- 
2,4-dione and microelectrode mea- 
surements.: Small differences with 
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tracellular pH values. A second possi- 
bility is that there was a selective ac- 
idosis confined to cortical neurons that 
was not detected using a measurement 
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projecting axons, but there is no pre- 
cedent, to our knowledge, for such a 
metabolic gradient in neurons. Re- 
ports concerning diffuse hypoxic or is- 
chemic insults describe prominent 
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nal possibility is that dysfunction of 
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troscopy is not sensitive enough to rule 
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tutes the first demonstration of the 
robust potential for control of brain 
intracellular pH in humans. 
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Normal Cerebrospinal Fluid Dynamics 


A Study With Intraventricular Injection of “In-DTPA in Leukemia 
and Lymphoma Without Meningeal Involvement 


Hanny Haaxma-Reiche, MD, PhD; Do Albertus Piers, MD, PhD; Henk Beekhuis, MD, PhD 


e The cerebrospinal fluid flow pattern in 
seven patients with leukemia or lympho- 
ma, but without prior meningeal or cere- 
bral disease, was studied following intro- 
duction of indium-diethylenetriamine pen- 
taacetic acid In-DTPA 111 in a lateral 
ventricle through an Ommaya reservoir. 
The time to egress from the ventricular 
system into the basal cisterns was variable 
but generally short. One hour after admin- 
istration, the basal cisterns were clearly 
visible in all patients. Thereafter, kinetics 
throughout the cranial and spinal sub- 
arachnoid space were consistent. The 
flow patterns of three patients cured of 
meningeal dissemination and one patient 
with mild meningeal leukemia were similar 
to the normal pattern. 

(Arch Neurol. 1989;46:997-999) 


The cerebrospinal fluid (CSF) flow 

pattern can be visualized by scin- 
tigraphy. Although injection of a ra- 
diopharmaceutical at the lumbar level 
introduces an artifact in the normal 
CSF circulation, such studies have con- 
tributed to the knowledge about nor- 
mal and pathologic CSF pathways. To 
study the CSF flow from the source 
downward, one needs introduction in a 
lateral ventricle.! Access to the cere- 
bral ventricles of humans without 
meningeal or intraparenchymal dis- 
ease is seldom available. The patients 
of Di Chiro et al? were as close as pos- 
sible to normal, because they were in 
central nervous system (CNS) remis- 
sion of malignant meningeal involve- 
ment after cranial radiotherapy and/ 
or intraventricular chemotherapy. Be- 
cause in our hospital adult patients in 
systemic remission of acute lympho- 
blastic leukemia, some subtypes of 
acute myelocytic leukemia, and high- 
grade malignant non-Hodgkin’s lym- 
phoma receive CNS prophylaxis via an 
Ommaya reservoir, we had the oppor- 
tunity to study the CSF flow in patients 
who were considered neurologically 
normal.’ The results were compared 
with flow studies in patients cured of 
meningeal dissemination and in one 
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patient with overt meningeal leuke- 
mia. 


PATIENTS AND METHODS 
Patients 


Scintigraphy of the cerebral ventricles 
and the subarachnoid space was performed 
in 10 adult patients (ages, 16 to 62 years) 
with hematopoietic malignant neoplasms. 
All patients had a subcutaneous reservoir 
with a ventricular catheter inserted. Seven 
patients were free of neurologic involve- 
ment before the investigation. The CSF was 
completely normal, and CSF pressure was 
not elevated. Cytologic study of the ventric- 
ular CSF before the examination was al- 
ways negative for malignant cells. Com- 
puted tomographic scans showed ventri- 
cles, cisterns, and sulci within the normal 
range. In most patients the scintigraphic 
study was done several days postopera- 
tively. In 2 the interval was longer (1 to 33 
months). These patients had received pro- 
phylactic intraventricular chemotherapy 
one to six times. Radiotherapy was never 
administered. Three patients were in CNS 
remission of meningeal dissemination at 
the time of the study. Two of them had ex- 
perienced neurologic signs and 1 had been 
asymptomatic, but neurologic signs had 
cleared and CSF had normalized after 
treatment with 8 to 13 doses of intraven- 
tricular chemotherapy. In addition, 1 pa- 
tient, who initially belonged to the normal 
patient group, was reexamined when suf- 
fering from overt meningeal leukemia. In- 
tracranial pressure was then elevated (30 
em H,O). Procedures were performed after 
obtaining informed consent. 


Methods 


The procedure was standardized as fol- 
lows. The reservoir was punctured with a 
25-gauge needle with the patient in the su- 
pine position. Nine milliliters of CSF was 
removed, equalizing the volume to be in- 
jected. A dosage of 18 to 25 MBq (0.5 to 0.7 
mCi) of indium-diethylenetriamine pen- 
taacetic acid In-DTPA 111 in a volume of 6 
mL was injected, followed by a flushing 
volume of 3 mL saline solution (0.9% ). All 
volumes were chosen to be similar to the 
amounts involved in our regular procedure 
of intraventricular administration of che- 
motherapeutic drugs. Images were ob- 
tained using a large-field-of-view gamma 
camera with a medium-energy parallel- 
hole collimator. Anterior and lateral views 
of the skull and upper cervical region were 
made immediately after injection of the 
tracer (time 0) and after flushing with 
saline at 0.2, 1, 4, and 24 hours after the ini- 
tial injection. In two cases, images were 
also obtained after 48 hours. Simulta- 
neously, digital images were stored in a 
computer. Images of the spinal canal were 


only obtained at 1, 4, and 24 hours. The pa- 
tient remained supine for the first hour. 


Analysis 


Images were reviewed for the circulation 
in the ventricular system and the cranial 
and spinal subarachnoid space. The digital 
images were studied for the amount of ra- 
dioactivity using standard region of inter- 
est techniques. These data were used for 
calculating the disappearance of the radio- 
activity from the skull. The mean of the 
counts in the anterior and lateral views of 
each pair of images was calculated and, af- 
ter correction for physical decay, presented 
as the percentage of the value obtained im- 
mediately after injection of the tracer. For 
each patient, the residence time of the 
tracer was calculated as the area under the 
disappearance curve after extrapolating 
the data from time 0 to infinity, using the 4- 
and 24-hour data points. 


RESULTS 


In the seven patients without CNS 
dissemination at any time before the 
investigation, a rather consistent pat- 
tern of CSF flow was found (Fig 1). 
Immediately after injection and flush- 
ing, radioactivity was present in the 
homolateral ventricle and in the third 
ventricle region in all cases. The 1- 
hour postinjection images revealed the 
same pattern and in addition substan- 
tial transport into the contralateral 
ventricle in three of seven patients, 
and a beginning of passage in two of 
seven patients. Basal cisterns began to 
fill nearly immediately, shortly there- 
after followed by the upper cervical 
subarachnoid space. Both were clearly 
visible 1 hour after injection. Early 
imaging of the lumbar sac was seen at 
1 hour, and filling was evident within 4 
hours. Radioactivity could rarely be 
seen in the subarachnoid space above 
the tentorium before 1 hour. At 4 hours 
the lower part of the cerebral convex- 
ity was reached. Ascent continued over 
the cerebral hemispheres, and the 24- 
hour images showed a homogeneous 
distribution over the whole CSF com- 
partment. Over the next 24 hours, the 
radioactivity diminished. In Fig 1, top, 
the intensity of the images up to 1 hour 
is not mutually comparable with that 
of the later ones but is chosen for bet- 
ter illustration. These pictures repre- 
sent the sheer distribution of the ra- 
dioactivity, as seen in all subjects. 

At 1 hour after injection, 40% to 
99% of radioactivity was retained in- 
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Fig 1.—Top, Cerebrospinal fluid kinetics of intraventricular indium-diethylenetriamine pentaacetic acid In-DTPA III anterior 
(upper row) and right lateral (bottom row) views, after injection (time 0), after flushing (0.2 hour), and at 1, 4, and 24 hours. 
Bottom, Schematic anatomic drawing with position of Ommaya reservoir. 


Fig 2.—Whole-skull disappearance curves of intraventricular indium-diethylenetriamine pentaace- tracranially and at 4 hours 25% to 98% 
tic acid In-DTPA Ill in 11 procedures. was still present (Fig 2). The disap- 
ne pearance rate on the second day was 
T the same as between 4 and 24 hours. 
The calculated residence times in the 
normal subjects varied from 8 to 41 
hours, with a mean of 24 hours. The 
results in a patient with overt al- 
though mild meningeal leukemia and 
in three patients in CNS remission af- 
ter treatment for meningeal dissemi- 
nation are also shown in Fig 2. The 
residence times in these four patients 
were, respectively, 15, 28, 51, and 55 
hours. Fluid flow interruptions, such 
as obstructions within the ventricles, 
in the spinal canal, or at the convexi- 
ties, were not encountered in these last 
four patients. 
Time, h Flushing cleared the Ommaya res- 
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ervoir completely in 7 of 11 trials. In 
the other instances, minimal radioac- 
tivity remained visible at that site. At 
24 hours, the region of the device was 
outlined again in 8 of 11 patients. The 
amount of radioactivity at that site 
was then quite variable. 


COMMENT 


Until now, CSF flow from the ven- 
tricular source onward has been stud- 
ied in subjects with prior involvement 
of the meninges or the CSF path- 
ways.'” Most of these cases were only 
followed up for 3% to 4 hours. In our 
study, seven of the subjects were com- 
pletely free of neurologic signs and 
symptoms and had normal CSF and 
computed tomographic findings. 

The third ventricle filled shortly af- 
ter the lateral ventricle. Outflow from 
the ipsilateral ventricle into the basal 
cisterns showed some variations be- 
tween individuals. In some patients, 
passage was already present before 
flushing; in others this occurred after 
flushing, but filling was completed at 1 
hour in all cases. The cervical sub- 
arachnoid space filled consecutively to 
the basal cisterns. Entrance in the 
contralateral ventricle was noted, al- 
though at a somewhat slower pace 
than the flow out of the foramina of 
Luschka and Magendie. That this was 
not seen in all patients may be due to 
the long interval between the 1- and 4- 
hour pictures. Ascent in the subarach- 
noid space begins during that period 
and can obscure the structures situ- 
ated in the midline. Later it becomes 
difficult to distinguish between the 
different components of the now more 
diffuse intracranial image (Fig 1). 
Downward flow into the lumbar dural 
sac was substantial at 4 hours. This is 
in keeping with the findings in a study 
in which methotrexate distribution 
was investigated. Four hours after ad- 
ministration in the Ommaya reservoir, 
the lumbar CSF concentration of 
methotrexate reached a maximum.‘ 
Ascent from the basal cisterns in the 
lateral direction around the cerebral 
convexities and along the medial 
routes through the suprasellar cistern 
or the quadrigeminal cistern into the 
pericallosal and interhemispheric cis- 
terns was the slowest part of the trans- 
port. 

The pattern of CSF flow dynamics in 
subjects free of CNS disease, the pat- 
tern in patients cured of symptomatic 
but not severe meningeal leukemia/ 
lymphoma, and the pattern in a pa- 
tient with overt but mild meningeal 
leukemia were not essentially differ- 
ent. These findings resemble those of 
Di Chiro et al’ in patients cured of 
meningeal involvement. 
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The influence of the patient’s posi- 
tion was not investigated, because we 
chose not to impose special restric- 
tions. However, in experiments with 
monkeys, no influence of various posi- 
tions was found.’ 

An influence of the frequency of 
chemotherapeutic drug administra- 
tion on the ultimate CSF flow was not 
established. Normal subjects had re- 
ceived one to six doses of prophylactic 
chemotherapeutic drugs, and patients 
cured of meningeal disease were 
treated with up to 13 injections. 

Flushing with 3 mL succeeded in 
clearing the reservoir, in the mean- 
time making barbotage procedures un- 
necessary. The late reappearance of 
the reservoir site does not signify re- 
flux but is explained by diminished 
cicatricial resorption around that site. 
This behavior is comparable with 
the experiences with leptomeningeal 
cysts.° 

Quite often the question arises 
whether intrathecal drugs are effec- 
tive enough for meningeal dissemina- 
tion. Several factors will be contribu- 
tive, among others the time a drug is 
present in sufficient concentration in 
the CSF and the distribution of the in- 
trathecal drugs. Both are dependent on 
the CSF flow. Methotrexate and cy- 
tosine arabinoside, the drugs most of- 
ten used for meningeal leukemia and 
lymphoma, are mainly eliminated by 
CSF bulk flow and only for a limited 
amount by diffusion.* Over the brain 
convexities, absorption occurs through 
the arachnoid villi into the dural si- 
nuses. 

The area under the disappearance 
curve (Fig 2) can be considered as a 
measure for the exposure time of the 
CSF space and its linings to the tracer 
and probably in a similar way to che- 
motherapeutic drugs such as meth- 
otrexate. The area varied over a wide 
range. This variation was mainly 
caused by the large differences in the 
disappearance rate of the tracer from 
the intracranial CSF space during the 
first hours after administration. This 
seems related to the speed with which 
the tracer entered the spinal region. 
Thereafter, kinetics from the basal 
cisterns upward and the rate of elim- 
ination from the cranial subarachnoid 
space were rather similar in all pa- 
tients. 

The CNS spread of hematopoietic 
malignant neoplasms tends to be dif- 
fuse and multifocal in the meninges 
and also to involve the ventricular lin- 
ings. The ventricular system is not well 
reached by lumbar injection of radio- 
pharmaceuticals,’ while ventricular 
methotrexate levels after lumbar in- 
jections are often inadequate or 


unreliable.’ Therefore, intraventricu- 
lar drug administration should be fa- 
vored over lumbar injections, since the 
former has the advantage that the to- 
tal ventricular system will be reached. 

The identical CSF flow patterns in 
our different categories may mean 
that a reliable distribution of intra- 
ventricularly introduced chemothera- 
peutic drugs can be assured through- 
out the CSF space in normal subjects, 
in patients with early stage meningeal 
dissemination, and in patients cured of 
this involvement. It has been estab- 
lished that widespread involvement of 
the meninges will obstruct the CSF 
pathways by blocking the ventricular 
outflow, the upward flow over the con- 
vexities, and the downward flow in the 
spinal canal, or by preventing resorp- 
tion through the arachnoid granula- 
tions.'* 

How severe neurologic symptoms 
must be to disturb CSF kinetics is a 
question that is still open. Patients 
with symptomatic meningeal leuke- 
mia, but at an early stage of meningeal 
dissemination, may have a normal dis- 
tribution. If one is concerned about the 
combined neurotoxicity of cranial ir- 
radiation and intraventricular or in- 
trathecal chemotherapy, considering 
that this regimen may have to be 
repeated with subsequent CNS re- 
lapses, it may be worthwhile to start 
drug treatment first and use radio- 
therapy only when drug treatment 
fails. In these patients, radionuclide 
ventriculography before the initiation 
of the intraventricular drug treatment 
can provide an insight into the CSF 
dynamics and may help in planning 
the most adequate form of therapy. 
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, The workshops are held each day from 7:00 a.m. to 1:00 pa. They will emphasize a series of 
structured exercises, utilizing appropríate animal bones, skeletal bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium and Spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


. —dissection skills to become familiar with the applications of power instrumentation; dis- 
cussion of and participation in problem solving, care, and proper maintenance of power equipment. 
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AREA ATTRACTIONS; 

Paata Ar ano eneyiand, Knott's Berry Farm with 165 attractions and rides, Movieland, i 
Pacific Amphitheatre which is Orange County outdoor theater. Other convenient attractions p 

are NBC Studios, ABC Studios, Marineland, San Diego Zoo, Sea World in San Diego and the : 
beaches which are 20 minutes away. 
SPECTATOR SPORTS—Baseball with the California Angels, football with the 
Los Angeles Rams, and horse racing at Los Alamitos and Santa Anita. 
PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and sport 
) fishing off the California coastline. 

FOOD—5,000 restaurants in Orange County are serving everything from 

Continental to ethnic cuisine. Fifty pee „Of the restaurants have re- 

ceived the Southern California Restaurant Writers award. 


ENROLLMENT; Fee (US$): Surgeon $965.00; Resident $585.00 (with 4 SS 
letter from arman Head); All Operating Room Personnel (RN/CST/ SSS Ss SS SS 
PA/Other) $250.00. Make check to “Los Angeles/Anaheim Symposium.” 
Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, Texas 76111. 
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*Join the more than 7,600 enrollees who have completed Midas 
Rex Hands-On Workshops. (3,800 Orthopaedic Surgeons; 1,600 
Neurosurgeons; 2,250 OR Personnel) = 
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February 26-27-28, 1990 


(Simultaneous with the 
Steamboat Neurosurgical Symposium 
February 27-March 2, 1990.)* 


| Q) 
“Modern Dissection Techniques Of 4 nS 
Bone, Biometals, Bioceramics, and Bioplastics” 
(NEURO 700/ORTHO 700) (Separate Hands-On Sessions) COLORADO 
SYMPOSIA/HANDS-ON WORKSHOPS for NEUROSURGEONS and ORTHOPAEDIC SURGEONS 


(Plastic, ENT, Craniofacial and Maxillofacial Surgeons may attend the neurosurgical conference.) 


sponsored by MIDAS REX™ Institute Course Directors: Susan Mitchell, Ed.D. 
Norman McDaniel, Ph.D. 







SYMPOSIUM FORMAT 


WORKSHOPS: 7:00 a.m. - 1:00 p.m. each day. An intensive CREDITS: CME Credit Available. 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: COURSE LOCATION AND ACCOMMODATIONS: Sheraton 


; f th Steamboat Resort, 2200 Village Inn Court, Steamboat Springs, 
Neurosurgeons—dissection skills for bonework of the CO 80477. Phone: 303-879-2220 or 800-325-3535, 
cranium and spine, including attention to bioplastics and 


plometale-applicapis to. neuloen, _ eal net: s issn Bie WOD: @ulgaon ceada. Banani Seaene 

Orthopaedic Surgeons—dissection in small bones, large (with letter from Department Head); All Operating Room Per- 
bones, spines, joint replacement, revision surgery, methyl- sonnel (RN/CST/PA/Other) $250.00. Make check to “Steamboat 
methacrylate, polyethylene, and biometals, including Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
broken stem extraction. Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,300 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,700 Orthopaedic Surgeons; 1,500 Neurosurgeons; 2,100 OR Personnel) 


*At the request of the Steamboat Neurosurgical Symposium, the Midas Rex Hands-On Workshop overlaps some of the Symposium. Enrollees in the Midas Rex Neurosurgical 
Hands-On Workshop should meet the schedule of that workshop, but may attend the Neurosurgical Symposium when there is no conflict with the Midas Rex Workshop 
schedule. For enrollees in the Midas Rex Neurosurgical Hands-On Workshop, there is no additional fee for participation in the Steamboat Neurosurgical Symposium, but a 
separate enrollment must be sent to each course. Enclose the Midas Rex course fee with that enrollment; indicate on the Steamboat Neurosurgical Symposium enrollment 
that you are enrolling in the Midas Rex Hands-On Workshop. 

























Idiopathic Central Diabetes Insipidus Followed by 
Progressive Spastic Cerebral Ataxia 


Report of Four Cases 


Daniel C. Birnbaum, MD; W. Donald Shields, MD; Barbara Lippe, MD; Susan Perlman, MD; Michel Phillipart, MD 


è A distinctive syndrome of diabetes in- 
sipidus developed in four boys in early 
childhood and progressive spastic cere- 
bellar ataxia developed in adolescence. 
The boys have been observed for 12 to 19 
years and are currently 19 to 25 years old. 
in patient 1, 12 years after the onset of di- 
abetes insipidus and 4 years after the on- 
set of spastic cerebellar ataxia, bone le- 
sions that proved to be histiocytosis were 
detected. In patient 2, calcification that 
developed in the cerebellar dentate nuclei 
was similar to calcification described in 
patients with histiocytosis. In the other 
two patients, an etiologic diagnosis has 
not been established. We conclude that 
there is a distinctive syndrome character- 
ized by early diabetes insipidus with sub- 
sequent progressive spastic cerebellar 
ataxia. While histiocytosis may not ac- 
count for this complex syndrome in all 
cases, diabetes insipidus followed by pro- 
gressive spastic cerebellar ataxia merits 
intensive evaluation. 

(Arch Neurol. 1989;46: 1001-1003) 


[liopathic central diabetes insipidus 

(DI) and progressive spastic cerebel- 
lar ataxia (SCA) are rare in childhood. 
hood. The occurrence of both disorders 
in the same patient is unusual and may 
represent a new syndrome. Four chil- 
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dren with a similar clinical course 
have been followed at UCLA School of 
Medicine, Los Angeles, Calif. Each pa- 
tient presented with central DI in 
early childhood followed by progres- 
sive SCA in late childhood or early ad- 
olescence. We report evidence to sug- 
gest that this syndrome, at least in 
some cases, may be caused by histiocy- 
tosis and thus be a treatable cause of 
progressive ataxia. 


REPORT OF CASES 


Case 1.—A 22-year-old man was in good 
health until the age of 5 years when he be- 
gan drinking large quantities of water. A 
diagnosis of idiopathic central DI was made 
based on the absence of other hormonal 
deficits and normal neuroradiologic find- 
ings. He was treated with intranasal des- 
mopressin acetate with subsequent resolu- 
tion of his polyuria and polydipsia. At age 
13, he had begun to have seizures. An elec- 
troencephalogram showed epileptiform 
discharges arising from both sylvian areas. 
Treatment with carbamazepine was effec- 
tive. At age 14, he had begun to fall fre- 
quently. At age 16, gait ataxia, dysmetria, 
and scanning speech had been evident on 
neurologic examination. 

At age 17, a computed tomographic (CT) 
scan showed bilateral calcification of the 
cerebellar dentate nuclei and multiple hy- 
podense areas in the skull; a biopsy of one 
lesion confirmed the diagnosis of histiocy- 
tosis. Evoked potential studies were mark- 
edly abnormal: median nerve somatosen- 
sory evoked potentials showed absent tha- 
lamic and cortical potential, and no 
response was present after wave 1 on the 
brain-stem auditory evoked potentials. At 
age 19, he underwent whole brain radiation 
therapy, but his cerebellar function contin- 
ued to deteriorate. At age 22, examination 
revealed normal mental status, sensory 


functions, and cranial nerve function. Mo- 
tor tone was increased and strength de- 
creased in both lower extremities. He had 
severe gait ataxia, marked dysmetria, de- 
composition of movement, and impaired 
rapid alternating movements in all extrem- 
ities. 

Case 2.—A 19-year-old man was in good 
health until the age of 2 years, when poly- 
uria and polydipsia developed. At age 2% 
years, a diagnosis of idiopathic central DI 
was made. The symptoms resolved with in- 
tranasal desmopressin treatment. A CT 
scan of the brain was normal. At age 3, his 
growth velocity decreased, and at age 72 
years, he was reevaluated because of short 
stature and delayed bone age. Thyroid func- 
tion was normal, and he had normal growth 
hormone response to arginine-insulin stim- 
ulation. Visual fields and a second CT scan 
of the brain were normal. At age 10 1⁄2 years, 
his coordination began to deteriorate. He 
complained of dizziness and headaches and 
became emotionally labile. His academic 
performance deteriorated. The physical ex- 
amination was remarkable for a bilateral 
intention tremor, dysmetria, and poor tan- 
dem gait. The CT scan showed extensive 
calcification of the cerebellum and pons. 
Findings on lumbar puncture, roentgeno- 
grams of the skull and long bones, and ce- 
rebral angiogram were normal. A cerebel- 
lar biopsy specimen demonstrated deple- 
tion of neurons in the granule cell layer 
with increased numbers of astrocytes and 
extensive gliosis. 

His ataxia worsened over the next few 
years. Spasticity with hyperreflexia, scan- 
ning speech, and mild bilateral sixth nerve 
paresis developed. The CT scan at age 14 
demonstrated progression of the cerebellar 
calcification. A tentative diagnosis of histi- 
ocytosis was thought reasonable because of 
the similarity to the patient in case 1. His 
ataxia continued to advance, and he was 
given a trial treatment with 60 mg of pred- 
nisone daily followed by a gradual tapering 
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of the dose. He continued to receive 5 mg 
every other day from age 13 to 16. There has 
been no progression of his neurologic signs 
or symptoms in the 5 years since the steroid 
therapy was instituted. 

Case 3.—A 25-year-old man had noctur- 
nal enuresis and polydipsia develop at age 
6 years. Central DI was diagnosed by a wa- 
ter deprivation test at 13 years of age. He 
was treated successfully with intranasal 
desmopressin. His bone age was delayed 3 
years, and his height and weight were 1.5 
SDs below the mean. He had a normal re- 
sponse to a levodopa growth hormone stim- 
ulation test. Brain CT scan, skull roentgen- 
ograms, and thyroid function studies were 
all normal. 

At age 16, he began to complain of diffi- 
culty with coordination, an unsteady gait, 
and sensations of vertigo. Results of a 
physical examination showed evidence of 
cerebellar dysfunction with overshoot of 
ocular saccades, dysmetria, intention 
tremor, and a wide-based, ataxic gait. Brain 
CT scan demonstrated mild brain-stem and 
cerebellar atrophy. Visual fields, cere- 
brospinal fluid, electroencephalogram, and 
roentgenograms of skull and long bones 
were normal. During the next 3 years his 
cerebellar function deteriorated, and spas- 
ticity with hyperreflexia in his lower ex- 
tremities developed. He began to have in- 
creasing emotional problems and frequent 
conflicts with his family. He had periods of 
binge drinking during which his cerebellar 
function worsened. When he stopped drink- 
ing alcohol, his condition improved but not 
to his previous level of function. 

Evoked potentials at age 24 were abnor- 
mal. The amplitude of the pattern visual 
evoked response was decreased bilaterally; 
somatosensory evoked potentials from the 
posterior tibial nerves showed absent lum- 
bar and cauda equina peaks; brain-stem 
auditory evoked potentials were abnormal 
because of prolonged III to V latency on the 
right. Normal laboratory findings included 
serum lactate, pyruvate, quantitative im- 
munoglobulins, and vitamin B,, levels. Re- 
sults of urine studies for copper, arylsulfa- 
tase A, 6-aminolevulinic acid, and porpho- 
bilinogen were also normal. 

The most recent neurologic examination 
revealed upbeat and gaze-evoked nystag- 
mus and mild esotropia on the right. He had 
a marked intention tremor, dysmetria, im- 
paired rapid alternating movements, and 
severe gait ataxia. Deep tendon reflexes in 
the lower extremities were hyperactive, but 
the plantar responses were flexor. A treat- 
ment trial of prednisone did not halt the 
progression of the ataxia, but continued al- 
cohol use confused the evaluation of re- 
sponse. 

Case 4.—A 26-year-old man was well un- 
til age 542 years when polyuria and noctur- 
nal enuresis developed. The diagnosis of 
central DI was established by a water de- 
privation test and the Carter-Robbins sa- 
line infusion test. He responded to treat- 
ment with intranasal desmopressin. At age 
10, after a deterioration in school perfor- 
mance and behavior, he underwent a pneu- 
moencephalogram, radionuclide brain 
scan, electroencephalogram, visual field ex- 
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amination, and skull roentgenograms, all of 
which were normal. 

At age 15, his behavioral difficulties be- 
came more severe, and he began to use 
marijuana. An IQ test at age 17 showed a 
decline in his full-scale score to 76 from a 
previous score of 94 at age 7. At age 17, se- 
vere appendicular ataxia, a very wide-based 
ataxic gait, hyperreflexia, and bilateral 
Babinski’s sign had developed. Snout and 
palmomental reflexes were also present. At 
age 19, he was hospitalized for depression. 
His memory has continued to deteriorate, 
and he has developed a pseudobulbar affect. 

Brain CT scans have been normal on sev- 
eral occasions. Magnetic resonance imaging 
at age 23 showed only a small amount of in- 
creased signal in the periventricular areas. 
Determinations for serum lactate, pyru- 
vate, VDRL, ceruloplasmin, cortisol, and 
thyroid function, as well as lipoprotein 
electrophoresis, have been normal. Cere- 
brospinal fluid was normal. Brain-stem au- 
ditory evoked potentials showed evidence of 
progressive deterioration. On the last study 
at age 24, there were no peaks on left stim- 
ulation and prolonged III to V and I to V in- 
terpeak latencies on right stimulation. Me- 
dian nerve somatosensory evoked poten- 
tials were also abnormal because of delayed 
thalamic and cortical potentials; however, 
the peripheral potentials were normal. Vi- 
sual evoked potentials were abnormal be- 
cause of delayed peaks. Results of a re- 
cent technetium Tc 99m bone scan were 
normal. 

COMMENT 

All of the patients in this group have 
followed a similar clinical course. Each 
of them developed idiopathic central 
DI between the ages of 2 and 6 years, 
and they all responded well to treat- 
ment with intranasal desmopressin. 
No further symptoms evolved until 8 to 
10 years later when progressive SCA 
developed. All of the patients now have 
severe cerebellar dysfunction. In three 
patients, somatosensory evoked poten- 
tials showed delayed thalamic and cor- 
tical potentials that suggest more 
widespread central nervous system 
(CNS) involvement later in the course. 
The similarity of the signs and symp- 
toms and the age of occurrence suggest 
that this is a distinct clinical syn- 
drome. 

A multitude of different processes 
can cause ataxia that starts in 
adolescence.' The most common causes 
include posterior fossa tumors, hydro- 
cephalus, and multiple sclerosis. These 
have been excluded by neuroimaging 
and cerebrospinal fluid studies. Meta- 
bolic abnormalities associated with 
ataxia in adolescence include ami- 
noacidurias, vitamin E deficiency, fa- 
milial lipoprotein deficiency, hex- 
osaminidase deficiency or other sphin- 
golipidoses, leukodystrophies, and 
abnormalities of lactate and pyruvate 
metabolism. The clinical and labora- 





tory features of the patients in this 
group make all of these entities ex- 
tremely unlikely. Although there is no 
family history of neurologic disorders 
in any of our patients, a recessive or 
X-linked hereditary ataxia might be a 
possible explanation. Friedreich’s 
ataxia often presents in early adoles- 
cence, but these patients are usually 
hyporeflexic with abnormalities in po- 
sition or vibratory sensation. The pa- 
tients in this group were hyperreflexic, 
and their sensation was normal. A 
rarer hereditary ataxia might also be 
a possible diagnosis in these patients, 
but DI is not usually present. 

A recent retrospective study by 
Greger et al? of 73 children with cen- 
tral DI reported that the diagnosis of 
idiopathic DI was uncommon (12.4% ) 
and that it accounted for less than 10% 
of patients diagnosed since 1973 but 
was more than 20% in the 10 years be- 
fore 1973. These authors ascribed the 
decline in the idiopathic diagnosis to 
the introduction of modern imaging 
techniques and stressed that a search 
for a cause should be ongoing. In their 
series, histiocytosis occurred in 8.2% 
of patients. In another extensive re- 
view of 93 children with DI, histiocy- 
tosis accounted for 16% of the cases, 
with the diagnosis usually made 
within 4 years of the onset of DI. 

Central nervous system histiocyto- 
sis in childhood has been reported to 
cause central DI during early child- 
hood followed 8 to 10 years later by 
progressive ataxia.’ In all of the pa- 
tients described with these abnormal- 
ities, the peripheral bone lesions de- 
veloped early and the diagnosis of his- 
tiocytosis had been made before ataxia 
developed. Evidence of more wide- 
spread CNS involvement with the de- 
velopment of seizures** or progressive 
intellectual deterioration? has also 
been reported. The CT scans in some of 
these patients have shown a charac- 
teristic pattern of calcification of the 
cerebellar dentate nuclei, and in other 
patients the cerebellum has been 
hypodense.*’ These are reports of pa- 
tients with histiocytosis who have had 
DI, ataxia, or other CNS signs for 
years prior to the onset of the bone 
disease. The diagnosis was not estab- 
lished until the bone lesions devel- 
oped.’ Thus, it is possible that some of 
our undiagnosed cases also have histio- 
cytosis, but the disease has been lim- 
ited to the CNS, making a definitive 
diagnosis impossible. 

Central nervous system histiocyto- 
sis is potentially treatable. Thus, pa- 
tients with idiopathic central DI fol- 
lowed by progressive SCA should be 
evaluated with roentgenograms of the 
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skull and long bones and a technetium 
Te 99m bone scan. Since the CNS 
signs may precede the bone involve- 
ment by many years, repeated evalua- 
tions may be necessary. Vincristine, 
vinblastine, and cyclophosphamide, 
alone or in combination with pred- 
nisone, have been used successfully to 
treat CNS histiocytosis.: Treatment 
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with prednisone alone has also been 
successful.” This may explain the ben- 
eficial response obtained in the patient 
in case 2. In the absence of a biopsy- 
confirmed diagnosis, we have been re- 
luctant to initiate therapy with anti- 
metabolite agents. 

Idiopathic central DI in early child- 
hood followed in adolescence by pro- 
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gressive SCA is a distinct clinical syn- 
drome. Histiocytosis of the CNS may 
be the underlying cause in some cases, 
but the diagnosis is difficult to estab- 
lish in the absence of peripheral in- 
volvement. Even in the absence of a 
specific diagnosis, patients with this 
syndrome may benefit from trial treat- 
ment with corticosteroids. 
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Downbeat Nystagmus Associated With 
Dolichoectasia of the Vertebrobasilar Artery 


Daniel M. Jacobson, MD, James J. Corbett, MD 


@ We reviewed the case records and ra- 
diographic studies of 41 patients with pri- 
mary position downbeat nystagmus seen 
during a 5-year period to investigate 
whether a relationship existed between 
dolichoectasia of the vertebrobasilar ar- 
tery and cases of unknown cause. The 
cause of downbeat nystagmus could not 
be determined in 12 cases (29%). Two of 
these cases had dolichoectasia of the ver- 
tebrobasilar artery as the only identifiable 
abnormality. One other case had a doli- 
choectatic vertebrobasilar artery, but 
other potential etiologic factors for the 
development of downbeat nystagmus 
were present. Compression of the caudal 
brain stem by an enlarged and tortuous 
vertebrobasilar arterial system may be the 
cause of downbeat nystagmus in some 
cases unassociated with more commonly 
recognized causes. 

(Arch Neurol. 1989;46: 1005-1008) 


Primary position downbeat nystag- 
mus is often caused by medullary 
compression by structural disorders of 
the craniovertebral region such as the 
Arnold-Chiari malformation and basi- 
lar impression.’ Although toxic, meta- 
bolic, ischemic, demyelinating, and 
degenerative causes of downbeat 
nystagmus are well described,’ the un- 
derlying cause remains unknown in a 
significant proportion of cases.’ 
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Dolichoectasia of the vertebrobasi- 
lar arterial system can produce com- 
pressive syndromes of certain cranial 
nerves, such as hemifacial spasm,*’” 
trigeminal neuralgia," and oculo- 
motor nerve palsies.° In addition, 
compression of the caudal brain stem 
by a dolichoectatic vertebrobasilar ar- 
tery can produce pyramidal tract and 
cerebellopontine angle disorders.*”* 
Compression of the posterior third 
ventricle and aqueductal occlusion by 
an elongated basilar artery can cause 
hydrocephalus.**!*"’ 

We reviewed our clinical and radio- 
graphic experience in patients with 
downbeat nystagmus to investigate 
whether caudal brain-stem compres- 
sion by dolichoectasia of the verte- 
brobasilar artery might be associated 
with cases of downbeat nystagmus of 
undetermined cause. 


PATIENTS AND METHODS 


During the 5-year period from July 1981 
to July 1986, 41 cases of primary position 
downbeat nystagmus were evaluated in the 
Neuro-ophthalmology Clinic, University of 
Iowa Hospitals and Clinics, lowa City. Pa- 
tients with nystagmus not present in for- 
ward gaze, or present in downgaze associ- 
ated with horizontal gaze-evoked nystag- 
mus, were not considered. The clinical 
records and radiographic studies were re- 
viewed in all cases. 

In cases where computed tomography 
(CT) of the head or posterior fossa had been 
obtained, we defined a dolichoectatic verte- 
brobasilar artery according to the mea- 
sures established by Smoker and 
colleagues.'* In some cases, visual inspec- 
tion of the CT disclosed obvious compres- 
sion of the caudal brain stem by widened or 
tortuous vertebral or basilar arteries. In 
cases where only magnetic resonance im- 


aging (MRI) had been performed, we iden- 
tified a dolichoectatic vertebrobasilar ar- 
tery if arterial compression of the caudal 
brain stem could be readily seen by visual 
inspection of the images, or if the flow void 
of the basilar artery could be identified lat- 
eral to the clivus margin. This position of 
the basilar artery is found in only 2% of 
normal CTs."* 


RESULTS 


There were 13 male patients (age 
range, 14 months to 73 years; mean 
age, 49 years; median age, 60 years) 
and 28 women (age range, 23 to 90 
years; mean age, 59 years; median age, 
60 years). All but 3 patients had one of 
the following combinations of radio- 
graphic evaluations: CT only (15 pa- 
tients); MRI only (7 patients); CT and 
MRI (3 patients); CT and myelogram/ 
cisternogram (5 patients); MRI and 
myelogram/cisternogram (1 pa- 
tient); CT and angiogram (2 patients); 
CT, myelogram/cisternogram, and an- 
giogram (3 patients); myelogram/cis- 
ternogram only (2 patients). The 
causes of downbeat nystagmus are 
given in Table 1. 

Dolichoectatic vertebrobasilar ar- 
teries were identified in three patients 
(Table 2). Patient 1 had primary posi- 
tion downbeat nystagmus that de- 
creased in intensity in upgaze and in- 
creased in intensity in downgaze, es- 
pecially in right or left gaze. The CT 
showed greatly enlarged vertebral ar- 
teries (Fig 1) and a dolichoectatic basi- 
lar artery whose position extended 
lateral to the right dorsum sella, cau- 
dally, to a less lateral position on the 
left, rostrally. Its diameter in the mid- 
pons level was 6.0 mm (abnormally 
wide'’), and it bifurcated near the floor 
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of the third ventricle (Fig 2). Mild ven- 
tricular and basal cistern enlargement 
and sulcal widening were also ob- 
served. No specific treatment was em- 
ployed. Her findings were unchanged 
during the following year. The en- 
larged vertebral arteries seen on CT 
Suggested that vascular compression 
of the medulla may have caused this 
woman’s downbeat nystagmus. Clini- 
cal and radiographic evaluation dis- 
closed no other cause. 

Patient 2 had small-intensity down- 
beat nystagmus in forward gaze. The 
intensity of the fast phase increased 
slightly in downgaze and to a greater 
extent in upgaze. When looking to the 
right or left, the amplitude and fre- 
quency of the oscillations increased, 
especially in lateral downward gaze. 
The MRI scan disclosed an ectatic ver- 
tebral artery indenting the lateral as- 
pect of the left medulla (Figs 3 and 4). 
The diameter of the basilar artery at 
the midpons level was only 2.2 mm, but 
the artery bifurcated at an abnormally 
high level in the floor of the third ven- 
tricle. During the next 6 months, ther- 
apy with baclofen and clonazepam was 
ineffective in alleviating the oscillop- 
sia or the intensity of the nystagmus. 
Although this patient had a history of 
continuous alcohol exposure, symp- 
tomatic downbeat nystagmus occurred 
after 3 weeks of complete abstinence 
while receiving vitamins. She had no 
other clinical or radiographic evidence 
of Wernicke’s encephalopathy, brain- 
stem stroke, or demyelinating disease. 
Dolichoectasia of the vertebrobasilar 
artery, with radiographic evidence of 
medullary compression, was the only 
identified abnormality. 

Patient 3 had downbeat nystagmus 
in forward gaze that increased in in- 
tensity in downgaze, especially in gaze 
to the right or left. A CT scan showed 
a basilar artery that originated near 
the right cerebellopontine angle, had a 
midpons diameter of 4.8 mm, and bi- 
furcated at the level of the third ven- 
tricular floor. Angiography revealed 
an enlarged and tortuous left vertebral 
artery, displacing the origin of the 
basilar artery to an eccentric lateral 
position (Fig 5). The patient returned 
during the next 2 years with no change 
in the downbeat nystagmus and no 
new neurologic problems. She was still 
receiving lithium carbonate. The cause 
of downbeat nystagmus is unclear in 
this case. Electrophysiologic studies 
suggested a lesion in the caudal brain 
stem or cervicomedullary region. 
While it is attractive to speculate that 
compression by the dolichoectatic ver- 
tebrobasilar artery caused the pro- 
longed somatosensory evoked laten- 
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Disorder 
Craniovertebral anomaly 
ACM 
ACM, basilar impression 
ACM, syringomyelia 



























Traumatic syrinx 
Brain-stem infarction 
Demyelination 
Posterior fossa tumor 

Cerebellar astrocytoma 

Metastatic lung carcinoma 
Wernicke’s encephalopathy 
Olivopontocerebellar atrophy 
Toxic reaction 

Lithium 

Chronic alcohol 
Congenital 
Multifactorial 

Lithium, brain-stem encephalitis 


Lithium, demyelination 
Undetermined 
Total 


* ACM indicates Arnold-Chiari malformation. 
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ACM, basilar impression, syringomyelia 
ACM, basilar impression, atlanto-occipital assimilation 


Paraneoplastic cerebellar syndrome, brain-stem encephalitis 









Table 1.—Causes of Downbeat Nystagmus in 41 Cases* 


No. of Cases 
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Table 2.—Clinical Summary of Patients With Downbeat Nystagmus Associated With 
Dolichoectasia of Vertebrobasilar Artery * 


Patient No./ 
Age, y/Sex 


1/70/F 


Pertinent History 
Mild gait instability and 
intermittent vertigo for 5 
y; abruptly worse 2 wk 
before evaluation; 
nystagmus noted for 
first time 


Mild gait ataxia for 2 y, 
considered secondary to 
alcohol abuse; abrupt 
onset of oscillopsia and 
downbeat nystagmus 3 
wk after complete 
abstinence 


2/56/F 


3/65/F 


Pertinent Findings 


Mild gait ataxia and brisk 
reflexes (flexor plantar 
responses) 


Mild gait ataxia and 
saccadic dysmetria; no 
other Wernicke-Korsakoff 
abnormalities 


Unipolar depression treated Mild gait ataxia and 


Normal Studies 


BAER, cervical spine 
radiographs, metrizamide 
cisternogram 


MRI of brain and 
craniovertebral region 


Serum magnesium and 


with lithium for 7 y, serial 
lithium levels never toxic; 
mild gait instability for 4 
y; blurry vision for 3 mo 


* BAER indicates brain-stem auditory evoked responses; MRI, 


spasticity, brisk reflexes, 
extensor plantar 
responses; median nerve 
SSEP showed prolonged 
right and left P14 and 
N13-P14 interpeak laten- 
cies; CSF revealed leu- 
kocytes 21 X 10°/L 
(0.81 lymphocytes, 0.14 
reactive lymphocytes, 
0.05 histiocytes), protein 
0.39 g/L, negative VDRL 
and cytology; repeated 
CSF assay 3 d later 
showed leukocytes 4 X 
10®/L, normal IgG index, 
and no oligoclonal bands 





somatosensory evoked potentials; and CSF, cerebrospinal fluid. 


lithium levels, BAER, 
blink reflexes, cervical 
spine radiograph, 
metrizamide 
cisternogram 





magnetic resonance imaging; SSEP, 


cies, other potential etiologic factors 
for the development of downbeat 
nystagmus existed. She had received 
lithium carbonate for years, but toxic- 
ity had never been documented. The 
cerebrospinal fluid abnormalities sug- 
gested that brain-stem encephalitis 
may have been a responsible factor, 


‘although the initial pleocytosis curi- 
ously resolved within 72 hours. 


COMMENT 
We identified a dolichoectatic verte- 
brobasilar artery in 3 of 41 cases of 


downbeat nystagmus, In 12 (29%) of 
the 41 cases in our series, the cause of 
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Fig 1.—Computed tomography with enhance- 
ment of case 1 (top) showing enlarged verte- 
bral arteries (arrows) at the level of the foramen 
magnum. For comparison, computed tomogra- 
phy with enhancement from a 71-year-old is 
shown (bottom) to demonstrate normal-sized 
vertebral arteries (arrows). 


downbeat nystagmus remained un- 
known. Two (17%; cases 1 and 2) of 
these 12 undiagnosed cases were asso- 
ciated with dolichoectatic verte- 
brobasilar arteries as the only identi- 
fied abnormality. One additional case 
(case 3) had a dolichoectatic verte- 
brobasilar artery, but lithium expo- 
sure and cerebrospinal fluid pleocyto- 
sis were also present. 

Whether an actual cause-and-effect 
relationship exists between dolicho- 
ectasia of the vertebrobasilar artery 
and downbeat nystagmus remains 
speculative. In this setting, downbeat 
nystagmus could result from hydro- 
cephalus, caudal brain-stem infarc- 
tion, or caudal brain-stem compres- 
sion. Mild ventricular enlargement 
was observed in patient 1 associated 
with a basilar artery that bifurcated 
rostrally near the floor of the third 
ventricle. While downbeat nystagmus 
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Fig 2.—Computed tomography with enhance- 
ment of case 1 showing the bifurcation of the 
basilar artery near the floor of the third ventri- 
cle (arrow) and mild enlargement of the ventri- 
cles and ambient cistern. 





Fig 4.—Parasagittal magnetic resonance im- 
age (TR = 1000 ms, TE = 40 ms) of case 2 
showing low signal intensity of left vertebral ar- 
tery (arrow) impressing on the lateral medulla. 


has been associated with hydro- 
cephalus,” our patient had enlarge- 
ment of the basal cisterns and sulcal 
widening, suggesting that the ventric- 
ular enlargement was due to ex vacuo 
changes from cerebral atrophy. 

Brain-stem infarction is a well-rec- 
ognized cause of neurologic demise in 
patients with dolichoectatic verte- 
brobasilar arteries.°'* However, none 
of our three patients had other clinical 
or radiographic findings to support 
brain-stem infarction as the cause of 
downbeat nystagmus. 

Brain-stem compression by the wid- 
ened and tortuous vertebrobasilar sys- 
tem is the most plausible mechanism 
for downbeat nystagmus in this set- 
ting. Compression and indentation of 
the anterior and lateral surface of the 
caudal brain stem by enlarged and 
tortuous vertebral and basilar arteries 
has been confirmed at surgery’ and 











Fig 3.—Axial magnetic resonance image 
(TR = 550 ms, TE = 40 ms) of case 2 show- 
ing low signal intensity of left vertebral artery 
(arrow) adjacent to, and distorting, the lateral 
aspect of the medulla. 


A : se w. z r e A 
Fig 5.—Left vertebral artery injection of case 
3 showing wide and tortuous vertebral artery, 


causing lateral displacement of basilar artery 
origin (arrow). 


autopsy’ in patients with symptom- 
atic dolichoectatic vertebrobasilar ar- 
teries. In patient 2, radiographic con- 
firmation of basilar impression on the 
medulla provided a sufficient mecha- 
nism for downbeat nystagmus. The 
enlarged vertebral arteries imaged by 
CT in patient 1 also suggested that 
functional compression of the cervi- 
comedullary region may have oc- 
curred, resulting in downbeat nystag- 
mus. No such compression was 
documented in patient 3, but elec- 
trophysiologic testing suggested an 
abnormality at the cervicomedullary 
region, and angiography disclosed an 
enlarged and tortuous left vertebral 
artery. In those cases where actual an- 
atomic compression is not documented 
radiographically, perhaps functional 
compression can occur as the arterial 
pulse pressure is transmitted through 
the widened and tortuous arterial sys- 
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tem juxtaposed against the caudal 
brain stem. 

Our findings in this retrospective 
survey are not conclusive enough to 
Suggest that an investigative evalua- 
tion for other causes of downbeat 
nystagmus can be omitted in those 
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cases associated with a dolichoectatic 
vertebrobasilar artery. We have, how- 
ever, provided preliminary clinical and 
radiographic support that a dolichoec- 
tatic vertebrobasilar artery may be 
associated with a proportion of cases 
of downbeat nystagmus of undeter- 
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Klectrophysiological Measures During 


Acupuncture-Induced Surgical Analgesia 


~ Arnold Starr, MD; Gordon Abraham, MSEE; Yu Zhu, MD; De Yun Ding, MD; Lie Ma, MD 


è Electrophysiological recordings (elec- 
troencephalograms, somatosensory-evoked 
potentials, cognitive-evoked potentials) 
were made in five patients during acu- 
puncture-induced analgesia for removal of 
a thyroid tumor. The electrophysiological 
measures were unchanged during the op- 
eration. Acupuncture’s modes of action in 
producing analgesia are not revealed in 
this study. 

(Arch Neurol. 1989;46:1010-1012) 


Acupuncture has been used in China 

as an analgesic agent in surgical 
procedures, particularly those involv- 
ing the brain and neck, when muscle 
relaxation is not essential.'? The ad- 
vantages of acupuncture for surgery 
include the preservation of alertness 
and the absence of complications asso- 
ciated with pharmacologic anesthetic 
agents, including postoperative de- 
pression of neurological function. Acu- 
puncture is not used as an analgesic 
agent in operations performed in 
Western countries so opportunities 
for quantified studies of neural func- 
tions in such patients are rare. This 
article describes electrophysiologi- 
cal measures (electroencephalogram 
[EEG], somatosensory-evoked poten- 
tials [SEPs], and P300 cognitive audi- 
tory evoked potentials) performed in 
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Hangzhou, China, on a group of five 
patients undergoing removal of thy- 
roid tumors with acupuncture as the 
principal analgesic agent. These elec- 
trophysiological methods assess sev- 
eral parameters of neural function re- 
lated to arousal (EEG), sensory pro- 
cessing (SEP), and certain cognitive 
functions (P300)‘ that might provide 
insight into mechanisms active during 
acupuncture-induced analgesia. 


PATIENTS AND METHODS 


Five patients with a thyroid mass were 
studied during surgical removal of their 
tumors using acupuncture as the principal 
anesthetic agent. They were informed the 
day of the operation that acupuncture 
would be used for analgesia and all con- 
sented to the study. Preoperatively the pa- 
tients received 0.38 mg of scopolamine in- 
tramuscularly and a small dose, 0.05 to 0.10 
mg, of fentanyl intravenously. Acupunc- 
ture needles were inserted in the ear lobes 
bilaterally (neck to lung point) and in the 
first dorsal interosseous muscle bilaterally 
(He Gu point). Square-wave stimulation at 
approximately 5 Hz was applied between 
the ear lobe needles or between the hand 
muscle needles for 20 minutes. The current 
intensity employed was not measured, but 
was sufficient to cause a small contraction 
of the first dorsal interosseous muscles. The 
acupuncture stimulus was reinstituted in- 
termittently during the course of the oper- 
ation for periods ranging up to 20 minutes. 
Not more than two additional doses of me- 
peridine (pethidine), 25 mg, or fentanyl, 
0.05 mg, were given intravenously during 
the operation. The patients were awake and 
alert during the operation, which lasted 
approximately 2 hours. They reported a 
sense of pressure on the neck but not pain 
even when the tumor mass, ranging from 2 
to 5 em, was being removed. 

Electrophysiological studies were per- 
formed in the operating room. The EEG and 


event-related potentials to auditory and 
somatosensory stimulation were recorded 
using standard methods on a computerized 
system brought to Hangzhou for this study. 
The electrophysiological records were made 
before acupuncture was started, after acu- 
puncture was initiated, during the opera- 
tion, and immediately after the operation 
was completed and the skin sutured. 

The EEG was analyzed by visual inspec- 
tion for the patterns of ongoing activity. 
The evoked potentials were analyzed with 
regard to the latency of the components to 
somatosensory (N8, N13, and N20) and to 
auditory (N100, P200, and P300) stimula- 
tion. The electrophysiological tests ob- 
tained in the five patients are listed in the 
Table. 


RESULTS 


There were scarcely any changes in 
the electrophysiological measures, 
both during acupuncture and during 
the operation, when compared with 
both the preoperative and postopera- 
tive records. The EEG showed a nor- 
mal waking record with alpha spindles 
present throughout the procedures. 
The alpha activity was attenuated 
when the patients opened their eyes. 
Activity in the delta band was infre- 


Electrophysiological 
Studies Completed * 


Patient 





* EEG indicates electroencephalogram; SEP, so- 
matosensory-evoked potentials; P300, cognitive au- 
ditory-evoked potentials; plus sign, test performed; 
and minus sign, test not performed. 
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Pet) 


quent and no vertex waves compatible 
with drowsiness or sleep were encoun- 
tered (Fig 1). 

The SEP manifested stable latencies 
of the N13 spinal cord component and 
the N19, P22, and P27 cortical compo- 
nents. Even the later cortical compo- 
nents (P45 and N60), when present, 
persisted throughout the operative 
procedures. The records from three of 
the patients are illustrated in Fig 2 and 
show a remarkable consistency of the 
various components. 

The long-latency auditory-evoked 
potential components, N100 and P200, 
did not change in latency during the 
procedures. P300 was detected in all 
stages of the operation in one of the 
patients (Fig 3), while the P300 com- 
ponent in the second patient, which 
was present both prior to and immedi- 
ately after the procedures, became un- 
detectable during the operation when 
this patient’s mental count of the rare 
tones was inaccurate compared with 
her performance both prior to and af- 
ter the operation. We were unable to 
clarify the reasons for that patient’s 
poor performance at categorizing the 
rare tonal signals during the opera- 
tion. In our experience, P300 compo- 
nents are usually not evoked if the 
subject does not engage in categorizing 
the signals. 


COMMENT 


The results show that acupuncture, 
effective for producing surgical anal- 
gesia, does not significantly alter the 
resting, waking EEG patterns, the la- 
tency of SEPs from stimulating a 
mixed motor-sensory nerve in the arm 
(the median nerve), and auditory long- 
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Fig 1.—To show the electroencephalogram (EEG) recorded from one of the patients during sur- 
gery for removal of a thyroid tumor. The recording montage is bipolar and parasagittal. The ver- 
tical lines are separated by 1 second. Note the well-formed alpha rhythms in the centroparietal 
(C,-P;, C,-P,, and C,-P,) records. 


Somatosensory-Evoked Potentials During Acupuncture Anesthesia 


Before 


During 


N2 





Fig 2.—To show somatosensory-evoked potentials for three of the patients before, during, and after the operation. The stim- 
ulus was to the left median nerve and recordings were made between C, referenced to F,,. The components are identified 
by their polarity (P or N for positive or negative) and their approximate latency in milliseconds and are indicated by the in- 
terrupted vertical lines. Note that the components were remarkably stable during the procedures. 
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P300 During Acupuncture Anesthesia 
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Fig 3.—Long-latency event-related potentials recorded during removal of the thyroid tumor using 
acupuncture as the analgesic agent. Eye movement potentials were also monitored. The occur- 
rence of the N100 and P300 are indicated by the interrupted vertical. 


latency (N100, P200) and, in one pa- 
tient, even a cognitive component 
(P300) of auditory-evoked potentials. 
In retrospect, these results might have 
been anticipated since patients under- 
going acupuncture for surgical anal- 
gesia can converse naturally, respond 
to requests rapidly and appropriately, 
and appear alert and aware of their 
surroundings. It is their subjective 
freedom from pain during the opera- 
tion that distinguishes their neurolog- 
ical state. 

There are several features of the 
acupuncture technique as applied to 
produce surgical analgesia that may be 
relevant for understanding the mech- 
anisms underlying acupuncture-in- 
duced analgesia. First, the acupunc- 
ture points need to be stimulated for at 
least 20 minutes before analgesia is 
induced and then the points have to be 
periodically restimulated to maintain 
analgesia.*® These observations sug- 
gest that the neural systems influ- 
enced by acupuncture require a long 
latency for their activation, and their 
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effectiveness in modifying pain appre- 
ciation can persist for some time after 
the acupuncture stimulation is discon- 
tinued. Second, analgesia is not total 
and is benefited by the administration 
of additional medication such as fent- 
anyl, which in the low doses employed, 
would not by itself be an effective anal- 
gesia for surgery.’ Thus, the systems 
activated by acupuncture would seem 
to modify pathways subserving “pain” 
rather than directly blocking these 
pathways. Moreover, acupuncture can 
act synergistically with pharmacolog- 
ical analgesics to alter “pain” appreci- 
ation. 

The electrophysiological results 
from this study provide objective evi- 
dence, in a negative sense, of the neu- 
ral site(s) where acupuncture does not 
act. The failure to note changes in 
SEPs from stimulation of a mixed pe- 
ripheral nerve indicates that the neu- 
ral processes engaged by acupuncture 
do not act on the classic fast-con- 
ducting sensory pathways concerned 
with the transmission of tactile and 
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proprioceptive information. The lack 
of any substantive EEG changes dur- 
ing the operation suggests that the 
neural systems affected by acupunc- 
ture are primarily subcortical in loca- 
tion with little direct influence on the 
resting EEG. The definition of a cogni- 
tive component of event-related poten- 
tials (P300) in one of the subjects that 
was similar in latency prior to, during, 
and after the operation indicates that 
acupuncture’s effect is not on those 
neural systems related to cognitive 
processes of stimulus classification. 

It is not novel to suggest that the 
endorphin neuronal system seems a 
likely substrate for the site of action of 
acupuncture analgesia.*!! The system 
is subcortical, originating in the mid- 
brain, and descending along the peri- 
aqueductal gray to the spinal cord re- 
gions subserving nociceptive func- 
tion.'? Acupuncture-induced inhibition 
of brain-stem and spinal cord reflexes 
has been suggested to be mediated via 
this endorphin system." The endor- 
phin system does not act on the central 
pathways necessary for transmitting 
activity from large mixed nerves, such 
as the median and posterior tibial, to 
the cerebrum to obtain SEPs. More- 
over, the endorphin system has been 
implicated in the regulation of the 
subjective appreciation of “pain” 
rather than the appreciation of other 
somatosensory inputs such as touch, 
position, and vibration. Endorphins 
may alter affective states, but have 
little influence on cognitive processes 
such as those involved in the success- 
ful completion of a task such as classi- 
fying signals. Thus, the application of 
these current  electrophysiological 
methods to the study of a traditional 
Chinese technique, acupuncture, used 
for reducing the appreciation of “pain” 
has not been helpful in revealing the 
neural sites of action of acupuncture. 
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There is only one organization dedicated solely to fighting 
amyotrophic lateral sclerosis. The ALS Association. 
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to fund state-of-the-art, innovative ALS research 


Patient Services 
to help ALS patients, their families and caregivers 


Information 
to serve as the national ALS information center 


Education 
to stimulate public support through ALS education 
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find the answer. 
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7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 
tured exercises, utilizing appropriate animal bones, skeletal 3 

bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL—dissection skills __ = 
to become familiar with the applica- = 
tions of power instrumentation; dis- 
cussion of and participation in prob- 
lem solving, care, and proper main- 
tenance of power equipment. 
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Seasonal Variation of Multiple Sclerosis Exacerbations 


in North Dakota 


Donald E. Goodkin, MD, Doris Hertsgaard, PhD 


e A prospective study of the relation- 
ship between exacerbations and season in 
336 patients with clinically definite multi- 
ple sclerosis showed a significant monthly 
variation as well as a seasonal pattern of 
exacerbations. The data obtained are 
compared with earlier studies that have 
used varying methodologies. The results 
continue to support the hypothesis that 
undefined environmental factors influ- 
ence the course of multiple sclerosis. 

(Arch Neurol. 1989;46:1015-1018) 


We conducted a prospective study 

between January 1984 and Decem- 
ber 1987 to assess the potential rela- 
tionship between the season of the 
year and exacerbation rates of a de- 
fined population with multiple sclero- 
sis. This question is of interest given 
epidemiological data suggestive of 
both environmental and genetic pre- 
disposing factors in this illness. 
Should seasonal fluctuations be 
present, it would imply that exacerba- 
tions might be influenced if not actu- 
ally determined by environmental fac- 
tors. Prior investigations have pro- 
vided conflicting answers to this 
question and to date and to our knowl- 
edge, a relationship between a specific 
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group of viruses or other environmen- 
tal factor has yet to be conclusively 
demonstrated. 


PATIENTS AND METHODS 


In May 1983, a multiple sclerosis clinic 
was established in Fargo, ND. Data were 
collected on 425 cases of clinically definite 
multiple sclerosis (n = 336) and clinically 
probable multiple sclerosis (n= 89)! 
through May 1988. 

Patients examined in this clinic were 
routinely seen every 6 months. Those pa- 
tients experiencing new symptoms or dete- 
riorating level of function before routine 
recheck were instructed to call the clinic’s 
toll-free number to be interviewed by the 
medical director after which they were ex- 
amined when the interview suggested an 
exacerbation. 

The following definitions were used for 
purposes of evaluating this patient popula- 
tion. Exacerbations were defined as the de- 
velopment of one or more new signs or the 
worsening of existing signs for a period of 
5 days to 2 months when the neurological 
status of the patient had been stable or im- 
proved for 1 month. An exacerbation re- 
quired the documentation of greater than 
or equal to 0.5 points on the Kurtzke Ex- 
panded Disability Status Score as modified 
by “descriptors” in The Minimal Record of 
Disability (EDSS.MRD),’ greater than or 
equal to 1.0 points on the Ambulation Index 
(AI), or greater than or equal to 20% dete- 
rioration in upper extremity function on 
the Box and Block Test (BBT) and/or Nine 
Hole Peg Test (9HPT).* Patients exhibiting 
such changes in the presence of fever or 
within 4 weeks of steroid therapy with- 
drawal were not considered to fulfill these 
criteria. 

In June 1988 patients were characterized 
by disease course. Patients were termed 
stable if they had no exacerbations for a 
period of 2 years. Those having exacerba- 
tions and returning to preexacerbation 
EDSS.MRD, AI, BBT, or 9HPT within a pe- 
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riod of 6 months were defined as relapsing, 
remitting, stable. Those having exacerba- 
tions but not returning to preexacerbation 
EDSS.MRD, AI, BBT, or 9HPT within 6 
months were defined as relapsing, remit- 
ting, progressive. Those showing a gradual 
deterioration as measured above on EDSS. 
MRD, AI, 9HPT, or BBT without exacerba- 
tion were termed chronic progressive. 

As part of our data collection, we moni- 
tored exacerbations for all patients with 
clinically definite relapsing, remitting, sta- 
ble and relapsing, remitting, progressive 
conditions not enrolled in immunosuppres- 
sant protocols for a minimum of 12 consec- 
utive months. Patients having exacerba- 
tions were offered treatment with corti- 
cotropin 60 U for 10 days followed by 50, 40, 
30, 20, and 10 U intramuscularly on succes- 
sive days. Symptomatic treatments for 
spasticity (baclofen, dantrolene sodium), 
depression (imipramine hydrochloride, am- 
itriptyline hydrochloride), bladder dys- 
function (oxybutynin chloride, imipramine, 
phenoxybenzamine hydrochloride, be- 
thanechol chloride), and fatigue (amanta- 
dine hydrochloride) were used as clinically 
indicated. At the conclusion of the observa- 
tion period, the data for patients with clin- 
ically definite multiple sclerosis were tabu- 
lated and analyzed for monthly or seasonal 
patterns (January through March, April 
through June, July through September, Oc- 
tober through December). Epidemiological 
data for chickenpox, influenza, and hepati- 
tis A, which are reportable diseases in 
North Dakota, were also obtained for the 
same period to assess for possible temporal 
relationship (within 2 months) with exac- 
erbations. 


RESULTS 


The total clinic population followed 
up was typical of other large North 
American multiple sclerosis clinics. 
The characteristics of this patient pop- 
ulation as of June 1988 are described in 
Tables 1 through 4 and the Figure. 
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Table 1.—Patients by Diagnostic 
Grouping (N = 425) 
























Patients Diagnosis n (%) 
Probable * 89 (20.94) 
Definitet 336 (79.06) 
F Probable 65 (22.57) 
Definite 223 (77.43) 
M Probable 24 (17.52) 
Definite 113 (82.48) 








* Clinically probable multiple sclerosis. 
TClinically definite multiple sclerosis. 


Table 2.—Initial Disease Site 
(N = 425) 


Disease Site 
Spinal 

Brain stem 
Optic neuritis 
Cortical 


263 (61.88) 

100 (23.53) 

60 (14.12) 
2 (0.47) 


Table 3.—Age of Onset (N = 425) 


n (%) 
1 (0.24) 





















2 (0.47) 
15-19 27 (6.35) 
20-24 71 (16.71) 
25-29 80 (18.82) 
30-34 87 (20.47) 
35-39 61 (14.35) 
40-44 41 (9.65) 
45-49 24 (5.65) 
50-54 17 (4.00) 
55-59 10 (2.35) 
- 3 (0.71) 






1 (0.24) 


Table 4.—Disease Type (N = 425) 


Disease Type n (%) 













Stable 78 (18.35) 
RRS* 155 (36.47) 
49 (11.53) 






143 (33.65) 






* Relapsing, remitting, stable. 
tRelapsing, remitting, progressive. 
Chronic progressive. 


The occurrences of exacerbations 
among the patients with clinically def- 
inite relapsing, remitting, stable and 
relapsing, remitting, progressive mul- 
tiple sclerosis at our Multiple Sclerosis 
Clinic were documented over a 4-year 
period from January 1984 through De- 
cember 1987. Sixty-nine patients with 
actively relapsing, remitting clinically 
definite multiple sclerosis were fol- 
lowed up during 1984; 98 were followed 
up during 1985; 126 were followed up 
during 1986; and 118 were followed up 
during 1987. 

When the 4 years of data are col- 
lapsed and the total number of exacer- 
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% of Patients 


52 2-5 


5-10 





10-20 20-25 


Disease Duration, y 
The average expanded disability status score by disease duration (N = 425). 





Table 5.—Total Number of Exacerbations Each Month* 


Exacerbations, 


Month No. (%) Exacerbations 
January 22 (7.0) 26.08 
February 20 (6.4) 26.08 
March 33 (10.5) 26.08 
April 23 (6.4) 26.08 
June 26 (8.3) 26.08 
July 31 (9.9) 26.08 
August 17 (5.4) 26.08 
September 42 (13.4) 26.08 
October 18 (5.8) 26.08 
November 25 (8.0) 26.08 
December 29 (8.6) 26.08 
Total 313 (100) 313 


Expected No. of 





*\? = 20.971; P < .05. When the 4 years of data are collapsed and the total number of exacerbations oc- 
curring each month is analyzed, significant differences between months are found (x? = 20.97, P = .034). 


bations occurring each month is ana- 
lyzed, significant differences are found 
that can be seen in Table 5 (x? = 20.97, 
P = .034). If there were no differences 
beween months we would expect ap- 
proximately 8.3% of the exacerbations 
to occur each month. September was a 
high month with 42 (13.4% ) of the 313 
exacerbations; August and October 
were low, with 17 (5.4%) and 18 
(5.8%) of the exacerbations, respec- 
tively. 

The data were also analyzed using 
quarterly data as seen in Table 6. Al- 
most 29% (90) of the exacerbations oc- 
curred during the third quarter (July 
through September); and 24.3% (72) 
occurred during the second quarter 
(April through June). This difference 
is not significant (x? = 2.463, P = .482). 

A monthly seasonal index was com- 


puted based on the percentage of all 
patients having exacerbations each 
month. A seasonal index is used to 
measure those movements in a time 
series that recur more or less regularly 
in the same months of successive 
years. For monthly data, a seasonal 
index consists of 12 numbers, one for 
each month, each of which expresses 
that particular month’s activity as a 
percentage of the average month’s ac- 
tivity. The monthly seasonal index is 
given in Table 7. September has a sea- 
sonal index of 161.0; this indicates that 
over the 4-year period, the percentage 
of patients having exacerbations in 
September was 61.0% over the 
monthly average. August and October 
were low with indexes of 65.2 and 69.0, 
respectively. 

Data on the monthly occurrences of 
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Table 6.—Total Number of Exacerbations Each Quarter * 


Exacerbations, 





Expected No. of 
Exacerbations 


*\y? = 2.463; P > .05. No statistically significant differences in the number of exacerbations are found when 


collapsed data are examined by “quarters.” 


Table 8.—Total Number of Cases of Chickenpox, Influenza, and Hepatitis A per Month 
in North Dakota, 1983-1987 


Total No. of Cases 


i 


Month Chickenpox 
January 335 
February 452 
March 


November 208 
December 273 


cases of influenza, chickenpox, and 
hepatitis A were obtained from the 
State Department of Public Health 
(Table 8). There was no apparent rela- 
tionship found between the occurrence 
of cases of these diseases and the fre- 
quency of exacerbations of patients 
with multiple sclerosis. The correla- 
tions between number of exacerba- 
tions and monthly occurrences of cases 
of these three ranged from —0.0018 to 
—(.1208; correlations of exacerbations 
and lagged occurrences of these dis- 
eases were in the same range. That is, 
the number of exacerbations was cor- 
related with the number of cases of the 
disease the previous month as well as 
the number of cases 2 months previ- 
ously. None of the correlations were 
found to be significant. 


COMMENT 


Earlier studies have considered the 
possibility of seasonal influence on ex- 
acerbations and reported variable re- 
sults. In a retrospective study, Taub 
and Rucker‘ examined the relationship 
between retrobulbar neuritis and mul- 
tiple sclerosis and observed a reduced 
rate of retrobulbar neuritis during 
winter months. Hopkins and Swank‘ 
followed up patients with “clear-cut 
exacerbations” between 1950 and 1953 
and found no seasonal or monthly pat- 
tern in exacerbation rates. Schapira’ 
retrospectively evaluated 700 case his- 


Arch Neurol—Vol 46, September 1989 


influenza Hepatitis A 
1924 61 
3750 
2022 


1047 
1401 





tories of patients with multiple sclero- 
sis and found no monthly or seasonal 
exacerbation rate patterns, but diag- 
nostic criteria and definition of the 
criteria for exacerbation were not pro- 
vided. Prineas‘ detected a “pronounced 
summer fluctuation in the incidences 
of relapses” later confirmed by Sibley 
and Foley’? and Wuthrich and 
Rieder.” The specific seasonal patterns 
seen in these studies, however, varied 
from one another, a finding that was in 
part attributed to differing geograph- 
ical locations of the studies. This ex- 
planation received support from data 
showing greater similarity of seasonal 
exacerbation patterns for multiple 
sclerosis patient groups compared 
from the same geographical region as 
opposed to groups compared from geo- 
graphically different regions.” 

The studies available are difficult to 
compare because of differing method- 
ologies.*’> For example, Sibley and 
Foley’ defined diagnostic criteria and 
exacerbations, used multiple examin- 
ers, and obtained data retrospectively 
in 61 cases and prospectively in 34. In 
the study by Wuthrich and Rieder,” 
precise definitions of diagnostic crite- 
ria and exacerbations are lacking, 
multiple examiners were used, and 
data were obtained retrospectively. In 
the study of Bamford et al’ in 1983, 
patients were interviewed monthly by 
a nurse and they were examined every 
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x) 
7) 
iow all 


Table 7.—Monthly Seasonal Index * 


Month Index 


January 84.3 
February 76.6 
March 126.5 
April 88.2 
May 103.2 
June 99.7 
July 118.8 
August 65.2 
September 161.0 
October 69.0 
November 95.8 


December 





* See text for explanation. 


3 months or after every exacerbation 
by a neurologist. Exacerbations in this 
study were based on symptoms of 
greater than a 24-hour duration. 

Studies have also looked for a po- 
tential relationship between the onset 
of multiple sclerosis and season of the 
year. In 1981, Sibley and Paty” exam- 
ined this question in their combined 
patient populations from Arizona and 
Ontario, Canada. Although a pattern 
was found suggesting an increased 
frequency in spring and summer, the 
difference was attributable only to the 
Ontario population. Reexamination of 
the Arizona cohort data in 1983 by 
Bamford et al’? again showed no sig- 
nificant seasonal variation. The differ- 
ence between the Arizona and Cana- 
dian populations was potentially at- 
tributable to population differences in 
disease duration (longer in the Ari- 
zona population), disease type (greater 
percentage of chronic, progressive in 
Arizona), and errors inherent in any 
study that depends on patient recall of 
remote events (month or season of 
disease onset). 

This study reexamines the potential 
relationship of season and exacerba- 
tion occurrence using a prospectively 
followed patient population with clin- 
ically definite multiple sclerosis. We 
have restricted our analysis to pa- 
tients with relapsing, remitting condi- 
tions followed up and examined by one 
neurologist using widely accepted 
measurements of disability,'* with ex- 
acerbation criteria based on symptoms 
and associated objective changes. 

We found asignificant monthly vari- 
ation as well as a seasonal pattern of 
multiple sclerosis exacerbations simi- 
lar, but not identical, to that reported 
for northeast Ohio, northeast En- 
gland, and Arizona. Specifically, we 
confirm a higher frequency of exacer- 
bations in summer months but we 
were unable to do so for the spring- 
time. No correlation between exacer- 
bations and statewide epidemiological 
data for the incidence of chickenpox, 
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influenza, or hepatitis A were found. 
The fact that the specific patterns of 
seasonal variability published differ 
from one another does not diminish 
the potential significance of the vari- 
ability itself. There is no reason to 
presume that populations from differ- 
ing locations must be exposed to iden- 
tical environmental fluctuations. The 
present data are interpreted to sup- 
port the hypothesis that seasonal en- 
vironmental factors, as yet undefined, 
are related to exacerbations of multi- 
ple sclerosis. 

Exposure to an infectious agent has 
been a prime candidate for those sus- 
pecting an environmental factor. The 
evidence supporting an infection is 
primarily based on elevated antibody 
titers in serum and cerebrospinal fluid 
of patients with multiple sclerosis 
against measles and less frequently 
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against herpes simplex, varicella 
zoster, rubella, vaccinia, and Epstein- 
Barr viruses.'* Isolation of a virus 
from central nervous system tissue of 
patients with multiple sclerosis, how- 
ever, has not been reliably demon- 
strated. This information, as well as 
the finding of sequence homologies be- 
tween certain viral proteins and pro- 
teins related to encephalomyelitis,” 
has led to the theory that multiple 
sclerosis may involve a basic defect in 
immunologic regulation that allows 
continued or random antibody produc- 
tion by virally induced clonal expan- 
sion of B lymphocytes nonspecifically 
attracted to the central nervous sys- 
tem. Sibley et al’? in 1985 demon- 
strated nearly a threefold increase in 
exacerbation rates in patients with 
multiple sclerosis during the period 
from 2 weeks before until 5 weeks after 
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sium.” Mail to: Midas Rex Institute, 2929 Race 
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Observations 


Acquired Contralateral Oculomotor Synkinesis 


John Guy, MD; Harry M. Engel, MD; Alan M. Lessner, MD 


è A patient with a traumatic right third 
nerve paresis had a contralateral oculo- 
motor synkinesis develop that involved 
the left upper eyelid. With infraduction in 
adduction of the nonparetic left globe, the 
left upper eyelid was elevated. Elevation 
of the right upper eyelid was present in 
adduction of the paretic eye but absent in 
downgaze. To our knowledge this is the 
first description of the pseudo-Graefe phe- 
nomenon developing contralateral to the 
regenerating paretic third nerve. 

(Arch Neurol. 1989;46: 1021-1023) 


Thre pseudo-Graefe phenomenon may 
occur after injury to the oculomotor 
nerve. This phenomenon may result in 
elevation of the upper eyelid with 
downward and medial gazes.''* While 
the pathogenesis of aberrant regener- 
ation is unclear,''°'*!’ previous re- 
ports have demonstrated ipsilateral 
third nerve paresis associated with ip- 
silateral elevation of the eyelid in me- 
dial and downward gazes.''* To our 
knowledge, we report the first case 
with elevation of the upper eyelid in 
infraduction and adduction of the eye 
innervated by the nonparetic third 
nerve. This phenomenon occurred con- 
tralateral to the site of injury and re- 
generation of the oculomotor nerve. 


REPORT OF A CASE 


A 17-year-old female adolescent had 
diplopia and drooping of the right eyelid 
develop after a closed head injury incurred 
during a motor vehicle accident. On initial 
neuro-ophthalmic examination, visual acu- 
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ity was 20/20 OU. Eye movements of the 
right globe were limited to 10% of normal 
in elevation, 30% in adduction, 40% in de- 
pression, and 100% in abduction. Motility 
of the left globe was full. The right pupil 
measured 5.5 mm and was unreactive to 
light or accommodation, and the left pupil 
was 3 mm and briskly reactive. There was 
complete right ptosis. Goldmann visual 
fields showed an almost complete right 
homonymous hemianopia. Ophthalmos- 


copy was normal. Neurologic examination 
revealed only the right peripheral third 
nerve paresis. Computed tomography of the 
brain revealed edema of the right frontal 
and right temporal lobes. 


Fig 1.—A montage of a patient’s motility demonstrating deficits of supraduc 
tropia (top left and top center), adduction (center right), and infraduction in abduction of the right 
eye with right hypertropia (bottom left). Right ptosis and exotropia are present in primary gaze 
(center). Elevation of the right upper eyelid is present with adduction of the right eye in left lateral 
gaze (center right). In right lateral gaze (center left), inhibition of the right upper lid producing more 
right ptosis gives the appearance of elevation of the left upper lid, although the left eyelid position 
did not change (compare with center). 


Six months after the injury, changes in 
the neuro-ophthalmic examination con- 
sisted of improvements in the ptosis and 
third nerve paresis. There was 3 mm of 
right ptosis and a right exotropia. With the 
patient fixating with the left eye, move- 
ments of the right eye disclosed 10% of el- 
evation, 90% of adduction, 90% of depres- 
sion, and 100% of abduction (Fig 1). Motil- 
ity measurements revealed a 14 prism 
diopter left hypertropia in primary position 
that increased to 30 PD in upgaze, de- 
creased to 6 PD in left gaze, was absent in 
right gaze, and became 10 PD of right 
hypertropia in downgaze. A 35-PD exotro- 
pia was also present in primary gaze, in- 
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tion with left hyper- 
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creased to 40 PD in left gaze, and decreased 
to18 PD in right gaze. Elevation of the right 
upper lid was present with adduction of the 
right eye (Fig 1). In downgaze to the right, 
the left upper lid was elevated (Fig 2, left). 
In downgaze to the left eyelid, elevation was 
absent bilaterally (Fig 2, right). Constric- 
tion of the pupils was not elicited with ad- 
duction. Manual elevation of the right up- 
per lid did not alter the eyelid position of 
the left eye. Repeated computed tomo- 
graphic scanning disclosed encephalomala- 
cia involving the right frontal and temporal 
lobes, although the orbits and cavernous 
sinuses were normal. 


COMMENT 


To our knowledge this is the first de- 
scription of elevation of the upper eye- 
lid in downward and medial gazes, de- 
veloping contralateral to the eye in- 
nervated by the paretic third nerve. 
Primary aberrant regeneration in- 
volving the left eye of our patient was 
believed to be unlikely owing to the 
absence of an associated extraocular 
muscle paresis of the left eye’! and the 
normal appearance of the left cavern- 
ous sinus on computed tomographic 
scanning. In addition to a contralat- 
eral eyelid synkinesis, our patient had 
elevation of the ipsilateral right eyelid 
with adduction of the paretic right 
globe; however, elevation of the right 
eyelid was absent in downgaze. 

Elevation of the ipsilateral eyelid in 
downward and medial gazes is well 
documented in association with regen- 
eration after oculomotor nerve 
paresis™* and as a presenting sign 
with involvement of the third nerve by 
intracavernous carotid aneurysm? and 
meningioma.'* While the mechanisms 
contributing to the pseudo-Graefe 
phenomenon observed in such patients 
are unclear, they include the hypothe- 
ses of misdirection of regenerating 
fibers," ephaptic transmission, 
and central reorganization.'* The 
mechanisms of acquired contralateral 
oculomotor synkinesis are even more 
obscure, although we will explore their 
applicability to the unusual finding of 
our patient. 

Misdirection of regenerating fibers 
with innervation of the wrong target 
end organ may result in acquired ocu- 
lomotor synkinesis.'*'’ During regen- 
eration of the third nerve and with 
primary aberrant regeneration, fibers 
that normally exclusively innervate 
the inferior and medial rectus muscles 
may also supply innervation to the 
levator palpebrae, producing elevation 
of the lid with infraduction and adduc- 
tion of the ipsilateral eye. However, 
morphologic documentation of fibers 
emanating from the “wrong” oculomo- 
tor subnucleus is scarce.” 

Surprisingly, after regeneration of 
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the third nerve in the cat, Sibony et al” 
disclosed not only the expected rein- 
nervation of the contralateral superior 
rectus subnucleus, they also found 
misdirected fibers emanating from the 
ipsilateral superior rectus subnucleus 
normally supplying innervation to the 
superior rectus muscle of the con- 
tralateral uninjured third nerve. After 
horseradish peroxidase injection into 
the superior rectus muscle, miswiring 
was further illustrated by the horse- 
radish peroxidase labeling of other 
third nerve subnuclei, implicating 
their innervation of other extraocular 


muscles in addition to the superior 
rectus muscle.” Why did fibers nor- 
mally innervating the uninjured supe- 
rior rectus muscle also supply inner- 
vation to the superior rectus of the in- 
jured side? With nerve injury, 
chromatolysis of the neuronal cell 
body and release of nonspecific signals 
may affect other subnuclei contribut- 
ing to axonal sprouting.” With more 
axonal sprouts developing than are 
necessary for reinnervation,” they 
may have grown not only into the 
injured nerve but followed a course 
along the uninjured third nerve as 





Fig 2.—Left, Elevation of the left upper eyelid in downgaze to the right illustrates contralateral 
synkinesis. The right hypertropic eye is covered by the right pupil, preventing fixation with this eye. 
Right, Eyelid elevation disappears in downgaze to the left. 
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Fig 3.—An illustration of regenerated fibers (arrows) emanating from the right inferior rectus sub- 
nucleus, innervating the left levator palpebrae, and producing elevation of the left upper eyelid with 


downgaze to the right. 
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well. This possibility is supported by 
the work of Fernandez et al” in which 
the laterality of motor neurons inner- 
vating the extraocular muscles after 
injury to the third nerve disappeared 
as each muscle was reinnervated by 
neurons lying contralateral to the 
original site. Moreover, Aguayo” has 
demonstrated optic nerve sprouts 
growing into adjacent surgically im- 
planted peripheral nerve grafts, fur- 
ther illustrating that axonal sprouts 
can grow in other nerves. 

In our patient, collateral axonal 
sprouting within the right inferior 
rectus subnucleus may have sent re- 
generating fibers along the left third 
nerve, supplying innervation to the 
contralateral nonparetic left levator 
palpebrae superioris, thereby produc- 
ing elevation of the left upper lid on 
infraduction in abduction of the right 
eye (Fig 3). Why did an ipsilateral 
synkinesis involving the right upper 
lid not develop with downward gaze in 
our patient?!’ Perhaps other aberrant 
axonal sprouts from the inferior rectus 
subnucleus were prevented from simi- 
larly establishing innervation to the 
right upper lid of our patient by pro- 
liferation of glial cells in the damaged 
ipsilateral right third nerve. However, 
some regenerating fibers from the 
right medial rectus subnucleus may 
have innervated the right upper lid, 
accounting for elevation of the right 
upper lid with adduction. 

Acquired oculomotor  synkinesis 
may develop with injury involving only 
the superior division of the third 
nerve.'* This division does not contain 
fibers innervating the medial and in- 
ferior rectus muscles. Therefore, re- 
generation of the superior division 
would not be expected to produce mis- 
directed fibers supplying innervation 
to the lid with infraduction and adduc- 
tion of the involved eye. Axonal 
sprouting in the unaffected medial and 
inferior rectus subnuclei due to non- 
specific signals from the damaged su- 
perior rectus and levator subnuclei or 
subclinical damage to the inferior di- 
vision offer two possible mechanisms. 
The latter rationalization may apply 
to our patient, namely that there was 
clinically undetected injury to the left 
third nerve. We suspect this to have 
been unlikely. 
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Rationalization of the findings of 
our patient due to the mechanism of 
ephaptic transmission” between ax- 
ons within a single injured nerve is 
difficult. How could cross-talk occur 
between the paretic right third nerve 
and the uninjured left third nerve? 
Cross-talk between the damaged and 
intact third nerves would have had to 
occur across the subarachnoid space 
and other structures separating them 
more distally from the mesencephalon. 
This seems unlikely. Moreover, ephap- 
tic transmission causing the pseudo- 
Graefe phenomenon has been reported 
to be transient”? while the synkinesis 
of our patient was not. 

An en masse response due to a cen- 
tral reorganization of synapses in the 
third nerve nucleus! would have been 
expected to produce ipsilateral rather 
than only a contralateral synkinesis. 
Therefore, this mechanism seems an 
unlikely explanation for the findings in 
our patient. 

To our knowledge, the mechanism 
responsible for the acquired contralat- 
eral oculomotor synkinesis observed in 
our patient is unknown. The theory of 
misdirected fibers seems to at least 
offer a possible rationalization. While 
ephaptic transmission within an in- 
jured nerve may occur, cross-talk be- 
tween axons of the injured and unin- 
jured third nerves of our patient seems 
unlikely. We could not rationalize a 
possibility for central reorganization 
causing the contralateral synkinesis in 
our patient, but neither were we able to 
exclude it. 


This investigation was supported in part by an 
unrestricted departmental grant from Research 
to Prevent Blindness Inc, New York, NY. 

Norman J. Schatz, MD, critically reviewed the 
manuscript. 
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Frontal Lobe Syndrome in a Patient 
With Bilateral Globus Pallidus Lesions 


Richard L. Strub, MD 


è This article describes a patient who 
experienced the rapid onset of an irrevers- 
ible behavioral change while vacationing 
in La Paz, Bolivia (altitude, 4070 m). The 
only lesions demonstrated on a magnetic 
resonance imaging scan were bilateral 
hemorrhages in the globus pallidus. The 
behavior change was characterized by ap- 
athy and lack of motivation, features com- 
monly associated with bilateral frontal 
lobe disease. This case is a further dem- 
onstration of how subcortical lesions can 
produce behavioral syndromes that are 
Clinically indistinguishable from classic 
cortical syndromes. It is cases such as this 
that show how a strict localizationist con- 
cept of behavioral function is too restric- 
tive and how it is necessary to consider a 
wide network of neuronal interconnec- 
tions when explaining the mechanism of a 
dissolution of complex higher functions. 

(Arch Neurol. 1989;46:1024-1027) 


Mere than 100 years ago, a man 

named Phineas Gage developed 
an abrupt change in character and 
personality after sustaining a destruc- 
tive lesion in the prefrontal portion of 
the frontal lobes of his brain. The syn- 
drome of apathy, nonmotivation, in- 
difference, irritability, and lack of so- 
cial restraint has come to be known as 
the frontal lobe syndrome. With the 
examination of large numbers of pa- 
tients with frontal damage it has be- 
come obvious that there is no unitary 
behavioral constellation of symptoms 
among these patients. Several clinical 
subtypes, possibly with separate ana- 
tomic localizations, have now been 
described.' In addition to this elabora- 
tion and separation of the clinical pre- 
sentations of patients with damage 
restricted to the frontal lobes, patients 
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have been described with the clinical 
features of a classic frontal lobe syn- 
drome, yet whose lesion or lesions lay 
elsewhere in the brain. 

This article describes a man who de- 
veloped a clinical irreversible frontal 
lobe syndrome secondary to bilateral 
hemorrhages in the globus pallidus. 
One unusual feature of this case was 
that the behavior change began 
abruptly after disembarking from a 
commercial airliner in La Paz, Bolivia, 
at an altitude of 4070 m. 


REPORT OF A CASE 


A healthy 60-year-old man from Louisi- 
ana (altitude, sea level) arrived in La Paz, 
Bolivia (altitude, 4070 m), after an unevent- 
ful flight from Santiago, Chile (altitude, 550 
m). He disembarked, and as he was enter- 
ing the terminal his wife noticed that he 
was acting as if he were drunk. He made 
inappropriate remarks to traveling com- 
panions, scattered coins to children at the 
airport, and began talking in an expansive 
fashion. He claimed that the altitude made 
him feel “high,” and announced that “the 
trip was a drag and he needed to get out and 
walk.” He was physically active that first 
day and did not have any physical com- 
plaints. 

He vomited once that night, but in the 
morning did not complain of headache or 
respiratory distress. On the second day, he 
again felt drunk yet continued to be active. 
Throughout the course of that day he began 
to look somewhat dazed and show signs of 
lethargy. He slept much of that evening and 
the following day. On the evening of the 
third day, he was taken to a lower altitude. 
Over the subsequent few days he became 
more alert but was quiet and withdrawn. 
He had no memory of the 3 days spent in 
Bolivia. 

Six days after leaving Bolivia he was ex- 
amined at the Ochsner Clinic in New Or- 
leans, La. His wife stated that since the trip 
the patient had undergone a complete per- 
sonality change. Prior to his arrival in Bo- 
livia the patient had been an outgoing, am- 


. bitious “dynamo,” who owned and operated 


several small businesses. He had previously 
also been outgoing socially. After the trip 
he was socially withdrawn, had no motiva- 
tion for business, showed no interest in his 
hobbies, and spent much of the day watch- 


ing television. He had no specific physical or 
neurologic complaints other than the be- 
havior change and the period of amnesia for 
the time spent in Bolivia. 

On brief mental status evaluation he was 
quiet, laconic, and offered no spontaneous 
conversation. He was oriented, accurate 
about his recall of recent news events, and 
could name the last four presidents in 
proper order, albeit rather slowly. He was, 
however, able to store and retrieve only one 
of four specific verbal items after 5 minutes. 

Neurologically, he showed some mild cog- 
wheel rigidity in the left arm and a ten- 
dency to fall to the left on tandem walking. 
He had a slightly increased muscle stretch 
reflex in the left ankle, and there was a pos- 
itive Hoffmann’s sign on that side. 

His medical history was unremarkable; 
he was normotensive, nondiabetic, with no 
history of cardiac or cerebral ischemia. He 
had been a heavy drinker in the past but 
had not had any alcohol in 2% years. His 
wife believed that he had developed some 
mild recent memory problems in the pre- 
ceding year, but this did not interfere with 
his work. He had intermittent hip pain for 
which he took carisoprodol; that was his 
only medication. He had taken one of these 
pills the day of his flight into La Paz. 

Eight weeks after the onset of his frontal 
lobe syndrome he was only marginally im- 
proved. He tended to talk little and watch 
television for hours at a time. The family 
did not notice any significant memory prob- 
lem other than his amnesia for the time 
spent in Bolivia. He was totally unable to 
run his business, not because of an inability 
to understand the details of the business, 
but because he was completely unmotivated 
and procrastinated on every detail. Before, 
he had spent many hours on the phone 
making business calls; now he sat long 
hours in the office and rarely made a single 
call. He napped after lunch and slept 8 to 9 
hours every night, an unusual pattern for 
him. At that time an electroencephalogram 
and magnetic resonance imaging scan of 
the brain were performed. The electroen- 
cephalogram was normal, but the magnetic 
resonance imaging scan demonstrated bi- 
lateral hemorrhages involving the inner 
surface of the globus pallidus and the white 
matter tracts of the posterior limb of the 
internal capsule (Figs 1 and 2). 

On that visit a full mental status exam- 
ination was performed.’ The patient was 
alert and attentive, but quiet and laconic. 
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Fig 1.—Sagittal magnetic resonance imaging (T,) demonstrating hem- 
orrhage in the right globus pallidus (arrow). Six weeks after hemorrhage. 


Language functions were normal. He was 
fully oriented and had good recall of recent 
presidents. Again he could retain only one 
of four unrelated words after 5 minutes and 
two of four at 10 minutes. Only 11 of 26 bits 
of information were recalled from a ver- 
bally presented short story and he could 
find (after 5 minutes) only three of five ob- 
jects that he had seen the examiner hide in 
the room. Drawing ability was slightly im- 
paired. Proverb interpretation was only 
fair; however, similarity testing was good. 
Alternating motor sequencing and repeti- 
tive drawings designed to elicit persevera- 
tion and poor set shifting were normal. On 
this examination the patient demonstrated 
behavioral features of the frontal lobe syn- 
drome plus impairment of new learning 
ability (recent memory) and a mildly de- 
creased verbal abstracting ability. 

Five months after onset of frontal lobe 
syndrome a complete neuropsychologic test 
battery was administered. Full-scale (re- 
vised Wechsler Adult Intelligence Scale) IQ 
was 103 with a verbal IQ of 105 and a per- 
formance IQ of 101. The only significantly 
impaired intellectual functions were visual 
sequencing (digit symbol) and visual orga- 
nization (object assembly). Memory testing 
showed marked impairment in the ability 
to hold verbally presented material over 
time. The Trailmaking Test (Parts A and B) 
was normal. The tests that showed the 
maximum impairment were the Wisconsin 
Card Sorting Test and the Stroop Color 
Word Test. These tests evaluate the ability 
to shift sets rapidly and are characteristi- 
cally abnormal in patients with frontal lobe 
disease.’ 

Since the second month after onset of his 
behavioral syndrome the patient has re- 
mained clinically stable. He has shown no 
response to either methylphenidate (30 mg 
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daily) or bromocriptine (80 mg daily). A 
follow-up magnetic resonance imaging was 
obtained 12 weeks after onset of frontal 
lobe syndrome (Figs 3 and 4); this second 
scan again demonstrated the globus palli- 
dus lesions. These lesions gave the signal 
characteristics of resolving hemorrhage. In 
the fifth month a single-photon emission 
computed tomographic scan was obtained, 
which showed a slight decrease in blood 
flow in the anterosuperior portion of the 
right frontal lobe and an equivocal decrease 
in blood flow in the posterior frontal lobe on 
the left side. 


COMMENT 


The patient’s outstanding clinical 
signs and symptoms are those that 
typify the frontal lobe syndrome. He is 
apathetic, socially withdrawn, and 
nonmotivated. He has given up his 
hobbies and fails to make timely deci- 
sions in his work. He knows what 
actions are required in his business, 
yet he procrastinates and leaves de- 
tails unattended. Depression is not 
present. He does not display or admit 
to any dysphoric mood; he is not sad 
and has not changed his eating habits; 
however, he tends to sleep more than 
he did in the past. Neuropsychologic 
testing demonstrated a significant im- 
pairment on the sensitive set shifting 
tasks (Stroop Color Word Test and the 
Wisconsin Card Sorting Test) that are 
usually associated with frontal lobe 
dysfunction.’ 

The frontal lobe syndrome is usually 
seen in patients with significant dis- 
ease of the frontal cortex. In cases of 





Fig 2.— Sagittal magnetic resonance imaging (T,) demonstrating hem- 
orrhage in the left globus pallidus (arrow). Six weeks after hemorrhage. 


the apathetic variety of frontal syn- 
drome, such as this patient displays, it 
has been proposed that it is the lateral 
portion of the frontal lobes that is 
usually involved (Brodmann’s areas 9, 
10, 11, 46, and 47).' This dorsolateral 
localization is by no means universal; 
bilateral anterior cerebral artery le- 
sions that are sometimes seen after 
anterior communicating artery aneu- 
rysm rupture will produce an apa- 
thetic frontal lobe syndrome with me- 
sial and orbital frontal infarction. 

In this case there was no evidence on 
the magnetic resonance imaging scan 
of any damage to the frontal cortex, 
although the single-photon emission 
computed tomographic scan did show a 
minimal decrease in blood flow in the 
superior frontal lobe on the right side. 
It is proposed, therefore, that the sub- 
cortical lesions in the globus pallidus 
alone are responsible for this patient’s 
clinical findings. 

The behavior changes of the frontal 
lobe syndrome can occur, however, 
from noncortical as well as nonfrontal 
lesions. Deep white matter lesions in 
the frontal lobe that interrupt the re- 
ciprocal connections between the fron- 
tal cortex and limbic structures else- 
where in the brain can certainly pro- 
duce the syndrome. The frontal 
leukotomies performed in the 1940s by 
Freeman and Watts‘ purposely in- 
volved producing such lesions by the 
rather nonselect cutting of these fiber 
tracts in the inferior frontal lobe. Such 
procedures were performed to produce 
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Fig 3.—Coronal magnetic resonance imaging (T,) 10 weeks after onset 
of frontal lobe syndrome demonstrating area of residual damage in the 
right globus pallidus (arrow). 


a state of relative apathy in psychotic 
patients.* More recently, selective cin- 
gulotomies have been performed to 
help seriously obsessive-compulsive 
individuals to be less obsessive. In 
these cases, fiber tracts connecting the 
frontal lobe with the cingulate gyrus 
are interrupted.** 

Involvement or disconnection of the 
deep frontal white matter is also one of 
the possible mechanisms for the fron- 
tal lobe syndrome that is sometimes 
demonstrated in patients after rup- 
ture of anterior communicating artery 
aneurysms.’* 

It is not difficult to imagine how 
damage to the major afferent and ef- 
ferent systems of an extensive area of 
association cortex such as the frontal 
lobes could produce a clinical picture 
similar to that produced by damage to 
the cortex itself. But how more remote 
lesions, such as those seen in this 
patient, can explain the frontal lobe 
symptoms is more problematic. One 
explanation could be that the frontal 
lobe syndrome is not exclusively a 
frontal lobe phenomenon but rather is 
a general behavioral syndrome that 
can be seen in patients with destruc- 
tive lesions in various areas of the 
brain. Many of the features of the syn- 
drome, eg, apathy and nonmotivation, 
are common general behavioral symp- 
toms that are seen in a wide variety of 
organic and functional behavioral syn- 
dromes (eg, akinetic mute states, de- 
mentia, confusional states, right pari- 
etal lesions, depression). A second ex- 
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Fig 4.—Coronal magnetic resonance imaging (T,) 10 weeks after onset 
of frontal lobe syndrome demonstrating bilateral residual lesions in the 


globus pallidus (arrows). 


planation is that the symptoms of the 
frontal syndrome are produced not 
only by damage to the frontal lobes 
and their major fiber pathways but 
also by damage to other brain struc- 
tures that have strong interconnec- 
tions with the frontal lobes. The fron- 
tal lobes have rich interconnections 
with many subcortical structures: cau- 
date nuclei, thalamus (dorsomedial 
and anterior nuclei), temporal lobe lim- 
bic structures, and the periaqueductal 
gray and associated mesencephaliclim- 
bic structures.’ Because of this system 
of dense reciprocal interconnection it 
isnot surprising that patients with sub- 
cortical lesions in some of these areas 
can have symptoms of frontal lobe 
dysfunction. Several recent clinical re- 
ports support this notion. 

Richfield et al described a 25-year- 
old patient who developed a pattern of 
inappropriate, vulgar, impulsive, anti- 
social behavior after bilateral destruc- 
tion of the head of the caudate nuclei; 
and Bogousslavsky et al"! described a 
72-year-old patient with an infarct in 
the right thalamus who demonstrated 
a behavioral state that fluctuated be- 
tween manic delirium and apathy. In 
addition to these cases in which the 
frontal lobelike behavior change was 
the principal behavioral feature of the 
subcortical lesions, Katz et al’? have 
described six patients with dementia 
secondary to multiple subcortical 
strokes in the mesencephalon and di- 
encephalon in whom features of a fron- 
tal lobe syndrome (apathy, lack of mo- 


tivation, and impulsiveness) accompa- 
nied the cognitive loss. 

In the case described here, the exact 
anatomic extent of the lesions is not 
known; however, they appear to be 
largely confined to the globus pallidus 
and possibly some portion of the pos- 
terior limb of the internal capsule. It 
may be possible that some of the fibers 
from dorsomedial thalamus to frontal 
lobe may be affected by this lesion. 
Crosby et al” also describe thalamo- 
frontal fibers that make connections 
through the putamen and globus palli- 
dus. It is not known whether these 
pathways are of sufficient influence 
that their damage could cause this de- 
gree of behavior change,'? but it is 
possible. Further speculation without 
pathologic examination is clearly un- 
justified. 

The functions of personality, drive, 
and character that are attributed to 
the frontal lobes are enormously com- 
plex functions that undoubtedly re- 
quire vast integrated cerebral neu- 
ronal networks for their elaboration." 
The frontal cortex is an important part 
of that network, but, as this and other 
reported cases show, it is not the ex- 
clusive center for such functions. Dam- 
age anywhere within the entire net- 
work is likely to produce, in some 
measure, symptoms akin to the classic 
frontal lobe syndrome. 

This same network model can be 
used to explain the findings in cases of 
subcortical dementia, subcortical 
aphasia,'® subcortical neglect,” and 
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any number of similar cases that do 
not fit the strict localizationist model 
of the 19th century. 

Other than the anatomic mecha- 
nism in this case, there is a further 
unexplained issue in this particular 
patient; ie, the exact relationship 
among this patient’s symptoms, his 
brain lesions, and the fact that they 
both occurred at an altitude of more 
than 4000 m above sea level. The pa- 
tient’s initial symptoms of light-head- 
edness, intoxication, and poor judg- 
ment occurred within minutes of en- 
tering the rarefied air of La Paz. These 
symptoms are certainly consistent in 
many ways with the symptoms of 
acute anoxia that have been reported 
by military recruits exposed to low 
oxygen tension in experimental de- 
compression chambers and by pilots 
who have experienced explosive de- 
compression at high altitudes (8000 to 
16000 m) when the canopy of their 
aircraft unexpectedly ejected. In 
such cases of anoxia, however, patients 
usually experience paresthesias in var- 
ious parts of the body, which this pa- 
tient did not; and they are usually not 
amnesic unless the anoxia is severe 
and their behavior much more disor- 
dered and confusional than that of this 
patient. Simple hypoxia is probably an 
insufficient explanation for his initial 
behavior change. 

In commercial airplanes the pres- 
sure in the cabin is maintained at an 
equivalent of between 1830 and 2440 m 
above sea level. Ambient cabin pres- 
sure is supposed to be gradually de- 
creased during descent into La Paz so 
as to avoid the explosive decompres- 
sion (by definition, a drop in pressure 
of 1524 m in 1 minute or less) that 
would occur if the cabin door was 
opened in La Paz without the gradual 
change. Assuming that these precau- 
tions were taken, this patient should 
not have experienced a rapid change in 
pressure, but rather, a gradual one. 

There are other clinical syndromes 
that can occur when individuals are 
exposed to a change in ambient baro- 
metric pressure. One is acute moun- 
tain sickness, a syndrome seen in 
mountaineers who climb at altitudes 
above 3350 m.”” This syndrome 
evolves over hours to days and is char- 
acterized by both pulmonary and cere- 
bral edema. The patient presented 
here did not describe the headache, 
blurred vision, and respiratory prob- 
lems associated with that condition, so 
it is doubtful that diffuse edema played 
a part in his symptoms. Acute moun- 
tain sickness can be fatal but autopsy 
reveals cerebral edema, petechial hem- 
orrhages on the pial surface of the 
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brain and anoxic necrosis in basal 
ganglion and cortex but no parenchy- 
mal hemorrhage.“”* Another mecha- 
nism of neurologic symptoms with 
rapid decompression is the release of 
nitrogen bubbles into the system. This 
is usually associated with decompres- 
sion from underwater dives and is 
rarely, if ever, seen in high-altitude ex- 
posure.” 

The relationship between the globus 
pallidus hemorrhage and the altitude 
exposure remains, therefore, unclear. 
It is possible that the hemorrhages are 
coincidental and that the high altitude 
played no physiologic role in the pro- 
duction of the hemorrhage. Several 
factors, however, make it difficult to 
accept this supposition; basal ganglion 
hemorrhage is uncommon in normo- 
tensive individuals, basal ganglion 
hemorrhage is usually unilateral, and 
such hemorrhages are much more 
common in the striatum and thalamus 
than in the globus pallidus. It is possi- 
ble that this patient had bilateral 
cryptic vascular malformations in 
each globus pallidus and that the com- 
bination of tissue hypoxia and com- 
pensatory vasodilatation produced the 
hemorrhage, but this seems unlikely. 
A final possibility is that the hypoxia, 
to which the globus pallidus is rela- 
tively sensitive, coupled with vasodi- 
latation that occurs at high altitude 
caused the rupture of some small nor- 
mal vessels in this area thus causing 
the restricted areas of hemorrhage. If 
this is what happened, this event most 
likely occurred in the first hour after 
disembarking. The patient’s excitation 
the first day would therefore have rep- 
resented the combined effects of the 
acute hemorrhage and general cere- 
bral hypoxia. By the third day, the in- 
toxication of the hypoxia receded and 
the apathy and lethargy caused by the 
focal lesions prevailed. 

From review of the literature and 
the general knowledge that people fly 
in and out of high-altitude airports on 
a daily basis without developing the 
problems encountered by this patient, 
it is clear that this case is, if not 
unique, decidedly rare. There was 
nothing in the patient’s medical his- 
tory or his evaluation after the inci- 
dent to suggest a medical condition 
that would render him unusually sus- 
ceptible to the effects of high-altitude 
exposure. Since this is an isolated case, 
there seems little reason to suggest 
that people not engage in air travel to 
altitudes above 2000 m; however, this 
case does bring up many interesting 
issues about the rather sudden expo- 
sure to high altitude experienced dur- 
ing air travel. 
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October 26-27-28, 1989 


=a (Immediately preceding the 
RGT A = Congress of Neurological Surgeons meeting.) 


“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 
(NEURO/ORTHO/ORP 700) (Separate Hands-On Sessions) 
An Interdisciplinary Symposium for Neurosurgeons, Orthopaedic Surgeons, 
and Operating Room Personnel 


(Plastic, ENT, Craniofacial and Maxillofacial Surgeons may attend the neurosurgical conference) 








presented by Course Directors: 
M n Susan Mitchell, Ed.D. 
MIDAS REX™ Institute Norman McDaniel, Ph.D. 







SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An Intensive CREDITS: CME Credit Available. 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: COURSE LOCATION AND ACCOMMODATIONS: Radisson 
Neurosurgeons—dissection skills for bonework of the Hotel Atlanta, Courtland & International Boulevard, Atlanta, 
cranium and spine including attention to bioplastics and Georgia 30303. Phone: 404-659-6500. 
biometals applicable to neurosurgery. 








ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 
Orthopaedic Surgeons—dissection in small bones, large {with letter from Department Head); All Operating Room Per- 
bones, spines, joint replacement, revision surgery, methyl- sonnel (RN/CST/PA/Other) $250.00. Make check to “Atlanta 
methacrylate, polyethylene, and biometals, including Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
broken stem extraction. Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 
OR Personne/—dissection skills to become familiar with 
the applications of power instrumentation; discussion of Join the more than 7,300 enrollees who have completed 
and participation in problem solving, care, and proper Midas Rex Hands-On Workshops. (3,700 Orthopaedic Sur- 
maintenance of power equipment. geons; 1,500 Neurosurgeons; 2,100 OR Personnel) 
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CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 Times 

or more* 
Cost per word $ .95 $ .85 
Minimum 20 words. per issue 


*In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box ,c/O 
AON" are to be counted as three words. 

Classified Display 1Time 3Times 
Full page $520 $468 
Two-thirds page 445 400 
One-half page 393 353 
One-third page 312 281 
One-sixth page 208 187 
Column inch 45 40 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archuves of 


Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 





All classified advertising orders, correspondence and payments should be dire 
Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please do not send 
classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


advertisements: All replies must be in writing and must cite the box number in the ad. Example: 


Inquiries about “BOX NUMBER" | r > 
617. We are not permitted to divulge the identity of advertisers who wish their 


,c/o AON, P.O. Box 1510, Clearwater, Florida 34 
mail sent in care of Archives of Neurology. 





Professional Opportunities 


NEUROLOGIST BC/BE to join a busy, established, 
rapidly growing practice in northwest Ohio. Com- 
petitive starting salary. Practice deals with a large 
number of RSD, autonomic and movement dis- 
orders. Send CV and references to: Walter L. Olson, 
MD, 6005 Monclova Road, Maumee, Ohio 43537. 





A BUSY, FIFTEEN-NEUROLOGIST GROUP in 
Minneapolis seeks an energetic neurologist with a 
strong interest in the clincial care of patients. The 
ideal candidate should have expertise in neurophysi- 
ology and an interest in teaching residents and med- 
ical students. Participation in clinical research is 
available. The practice is located in a beautiful, 
modern facility and is equipped with all diagnostic 
tools. Position available in July, 1990. Please contact: 
Craig Weflen, Administrator, Noran Neurological 
Clinic, 910 East 26th Street, Minneapolis, MN 55404. 


NEUROLOGIST 


With interest in sleep disorders for a full-time 
faculty position in the Department of Neurology, 
The Medical College of Pennsylvania, available 
immediately. Must be board-certified or board- 
eligible in neurology; responsibilities include 
neurology and sleep disorders, patient care and 


clinical teaching; clinical sleep disorders research 
desirable. Send CV to: 
June M. Fry, MD, PhD 
Chief, Division of Somnology 
THE MEDICAL COLLEGE OF PENNSYLVANIA 
3200 Henry Avenue, Philadelphia, PA 19129 
An affirmative action/equal opportunity employer. 


BC/BE ADULT NEUROLOGIST needed to join six 
other neurologists in busy practice with EEG, EP, 
EMG, DUPLEX, CT modalities in office. Salary to 
early partnership. Excellent neurosurgery and 
neuroradiology in community. Reply with CV to: 
President, RNA, Inc., 2601 Franklin Road SW, 
Roanoke, VA 24014. 


EXPANDING DYNAMIC 
GROUP PRACTICE 
of six (6) adult neurologists in Virginia suburbs of 
Washington, D.C. is seeking a board-certified/- 
eligible neurologist to join our comprehensive 
neurodiagnostic team. Excellent opportunity for a 


compassionate, personable, hard working per- 
son. Subspecialty training, especially EEG, 
evoked potential and sleep disorder fellowship 
preferred. Teaching and faculty appointments 
available. Send CV to: 


D. Hope, Neurology Center of Fairfax, Ltd. 
3020 Hamaker Court, Fairfax, VA 22031 


ACTIVE CLINICAL PRACTICE in central 
Connecticut needs BE/BC neurologist to join young 
solo practitioner. EEG/EMG/EP proficiency needed. 
Salary leading to partnership. Excellent area for 
family living. Easy access to many educational, cul- 
tural and recreational activities. Supportive relation- 
ship with local community full service hospital. Affil- 
iated with major teaching tertiary hospital. Reply 
with CV to: P.O. Box 98, Cheshire, CT 06410. Or call 
office: (203) 237-8115, and leave name and number. 


WEST VIRGINIA UNIVERSITY seeks an academ- 
ically oriented, board-eligible or -certified child neu- 
rologist with clinical or basic research interests/ex- 
pertise. Send curriculum vitae to: Ludwig Gutmann, 
MD, Department of Neurology, West Virginia Uni- 
versity Health Sciences Center, Morgantown, WV 
26505. An affirmative action/equal opportunity 
employer. 








cted to: Archives of Neurology, P.O. Box 1510, Clearwater, 





Professional Opportunities 


NEUROLOGIST — BC/BE sought for expanding 
community hospital in northwestern Connecticut. 
Hospital and medical staff support available. Please 
send CV and reply to: Mrs. Mary Schenzer, Medical 
Staff Secretary, P.O. Box 432, New Milford, CT 
06776. 


NEUROLOGIST 
BC/BE, to join two busy neurologists in Denver, 
Colorado. Private practice skills necessary. Prac- 
tice is highly diverse. Contact: 


STANLEY H. GINSBURG, MD 
NEUROLOGICAL CONSULTANTS, P.C. 
4545 East Ninth Avenue, Suite 650 
Denver, CO 80220 
(303) 320-2946 





NEUROLOGIST — BC/BE, to join two busy neurol- 
ogists in Denver, Colorado. Private practice skills 
necessary. Practice is highly diverse. Contact: 
Stanley H. Ginsburg, MD, Neurological Consult- 
ants, P.C., 4545 Ninth Avenue, Suite 650, Denver, 
CO 80220. (303) 320-2946. 





Faculty Positions 


EPILEPSY EXPERT — FLORIDA. The Department 
of Neurology, College of Medicine at the University 
of South Florida seeks a board-certified/-eligible 
neurologist with academic qualifications for appoint- 
ment on the assistant, associate or full professorial 
level and able to conduct teaching in the patient 
context as well as scholarly/academic pursuits in 
epilepsy/EEG and related fields. A base salary is 
derived from VA and university sources on a tenure 
track. Benefits and salary supplementation are 
available. Interested individuals should submit a CV 
and summary of academic goals, and have three 
letters of reference sent to: Leon D. Prockop, MD, 
Professor and Chairman, Department of Neurology, 
12901 Bruce B. Downs Boulevard, MDC Box 55, 
Tampa, FL 33612. The University of South Florida is 
an equal opportunity/affirmative action employer. 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University of Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and have subspe- 
cialty expertise in clinical neurophysiology, epi- 
lepsy or cerebrovascular diseases. Preference will 
be given to candidates with interest in clinical 
research. Loyola University is an equal opportu- 
nity/affirmative action employer. Interested appli- 
cants should send their curriculum vitae to: G.G. 
Celesia, MD, Chairman, Department of Neurology, 
Loyola University of Chicago, 2160 South First 
Avenue, Chicago, IL 60153. 


THE DEPARTMENT OF NEUROSURGERY at the 
University of Virginia Health Sciences Center 
announces the availability of a full-time position as 
Professor of Neurosurgery. The candidate must be 
board-certified or board-eligible with a primary 
interest in Cavernous sinus and cranial base tumors. 
Send CV and bibliography to: John A. Jane, MD, 
PhD, Department of Neurosurgery, University of 
Virginia Health Sciences Center, Box 212, Medical 
Center, Charlottesville, VA 22908. The University of 
Virginia is an affirmative action/equal opportunity 
employer. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 








= Faculty Positions 


NEUROLOGY — Assistant Professor. Hennepin 
County Medical Center and the University of Minne- 
sota Medical School seek an adult neurologist at the 
assistant professor level to become director of 
HCMC's ambulatory care program and to develop 
its electromyography progam. The applicant should 
be BC/BE with a strong interest in teaching and 
electromyography. The clinic program includes 
daily general neurology clinics and a variety of 
special clinics. Salary and benefits are consistent 
with other academic institutions. Interested appli- 
cants should send a CV, bibliography and names 
of three references by January 15, 1990 to: M.G. 
Ettinger, MD, Chief of Neurology, Hennepin County 
Medical Center, 701 Park Avenue South, Minneapolis, 
MN 55415. The University of Minnesota and the 
Hennepin County Medical Center are equal oppor- 
tunity educators and employers, and specifically 
invite and encourage applications from women and 
minorities. 


Fellowships 


NEUROPATHOLOGY TRAINING FELLOWSHIPS. 
Opportunities for one to three years of training in 
diagnostic neuropathology and research are imme- 
diately available for MDs and DOs working toward 
Careers in academic medicine. Research programs 
in a wide range of neuroscience/neuropathology 
fields are available to fellows. The University of lowa 
is an affirmative action/equal opportunity employer. 
Send curriculum vitae to: Program Director, Michael 
N. Hart, MD, University of lowa, Department of 
Pathology, lowa City, IA 52242. (319) 335-8242. 


Medical Equipment/ Supplies 


GREAT SALE: Refurbished/warranted electro- 
encephalographs, evoked potential systems, etc. 
Call toll free: (800) 748-5748. MFI Medical. We'll also 
buy used equipment! 





The University of Miami 
School of Medicine 

is seeking qualified applicants for the 

position of 


PROFESSOR AND 
CHAIRMAN 
Department of Neurology 


The candidate must be board-certified in 
neurology and respond creatively to the 
challenge of clinical care, research and 
teaching in a postgraduate neurology pro- 
gram which currently supports 21 resi- 
dents and 13 fellows. He/she must also 
possess superior skills in clinical neurol- 
ogy, a proven track record in research and 
sound administrative skills. The Depart- 
ment of Neurology is responsible for clini- 
cal neurological services at the 1250-bed 
University of Miami/Jackson Memorial 
Medical Center and the adjacent 490-bed 
Miami V.A. Medical Center. The depart- 
ment also cares for a large number of pri- 
vate and county-supported patients in its 
outpatient facilities. Currently on the 
neurology staff, there are 15 full-time phy- 
sicians and 8 tenured PhD's participating in 
an ongoing clinical care, teaching and 
basic research program. Interested appli- 
cants should send an updated CV to: 


Robert M. Quencer, MD, Chairman 
Neurology Search Committee and 
Director, Division of Magnetic 
Resonance Imaging, University of 
Miami Department of Radiology 


1115 N.W. 14th Street, Miami FL 33136 


The University of Miami offers a competi- 
tive salary and benefits package and is an 
equal opportunity/affirmative action em- 
ployer. Qualified minorities and women are 
encouraged to apply. 





























































Fellowships 


CLINICAL RESEARCH FELLOWSHIP in Dementia. 
The Wien Center for Alzheimer's Disease and 
Memory disorders of Mount Sinai Medical Center, 
Miami Beach, a center dedicated to clinical diagno- 
sis, treatment and research in dementing diseases, 
in association with the Departments of Psychiatry 
and Neurology, University of Miami School of Medi- 
cine announces the availability of the Ruth and 
Larry Wien Dementia Fellowship position for July 1, 
1990. A clinical neuroscientist (MD or MD, PhD) 
who is board-eligible/-certified in neurology, psy- 
chiatry or both specialties is being sought for this 
position which is renewable for up to two years. The 
fellow will be exposed to a multi-disciplinary 
approach to the diagnosis and treatment of patients 
with memory disorders (about 300 patients are seen 
annually), including the disciplines of neurology, 
psychiatry, internal medicine, neuropsychology, 
nursing and social services. The fellow is encour- 
aged to commit up to 50% of his/her time to a 
research project in one of several possible areas 
including neuropathology, receptor autoradiogra- 
phy, neurochemistry, neuroimaging (MRI and 
SPECT), neuropsychology, neuropsychiatry, elec- 
trophysiology, neuroimmunology, and clinical and 
molecular genetics. Training and research projects 
will occur at both Mount Sinai Medical Center and 
University of Miami School of Medicine. Applicants 
should send CV and names of three references to: 
Ranjan Duara, MD, Associate Director, Wien Center 
for Alzheimer's Disease and Memory Disorders, 
Mount Sinai Medical Center, 4300 Alton Road, 
Miami Beach, FL 33140. Stipend will be $30,000 for 
the first year. In addition, up to $10,000 per annum 
for approved research projects will also be available. 
Applications received by January 1, 1990 will be 
considered. Mount Sinai Medical Center and the 
University of Miami School of Medicine are equal 
opportunity employers. 


FELLOWSHIP 
IN NEUROLOGY 
OF AGING 


A fellowship in the Neurobiology 
of Aging in the Neurology À 
Department at the University of 
Massachusetts Medical Center is 
available for July, 1990. The posi- 
tion includes opportunities for both 
clinical and basic research, as well 
as experience in the diagnosis and 
management of neurologic disorders 
occurring with age. The fellowship 
is for one or two years, and will in- 
clude opportunities for participation 
in ongoing studies in sige aira 
cology, neuropathology, molecular 


neurobiology and neuropsychology. 
Neurology residency training or 
equivalent experience is required. 
Apply to: David A. Drachman, 
Mb” Professor and Chairman, 
Department of Neurology, 


University of Massachusetts 
Medical Center, 55 Lake Avenue 
North, Worcester, MA 01655.USA. 
An Attirmative 
| MOR? Action/Equal 
FI È 


Opportunity 
Employer 











TWIN CITIES 
AREA 


Multi-specialty group, 
located in northern suburbs 
of Minneapolis, has an 
excellent opportunity for a 
BC/BE Neurologist. 


















Offers suburban living with 
easy access to metro 
amenities, plus full range of 
four-season recreation. 












Guaranteed highly 
competitive salary; paid 
vacation and CME; pension 
and profit sharing plans; 
paid malpractice; health, life 
and disability benefits. 








Contact: 


RON JANKOWSKI, MD 
5300 153rd Avenue 
Ramsey, MN 55303 

Or call 

(612) 427-7180 













Excellent opportunity in Los Ange- 
les-Long Beach area for motivated 
well trained Neurologist to join two 
man group. CT Scan, Carotid Ultra- 
sound, EEG, Evoked Potential and 
EMG on site. Active medical student 
and residency teaching program af- 
filiated with UCI. Position open im- 
mediately. Initial salary with early 
partnership. Please contact Drs 
Laurence Carnay and Richard Gra- 
ham—Los Angeles Neurological 
Center (213) 531-2220 or sent 
C.V. to 2865 Atlantic Ave Suite 
#154 Long Beach, CA 90806. 
















NEUROTRAUMA RESEARCH 
LABORATORY DIRECTOR SOUGHT 


The Department of Neurological Surgery at the University of 
California San Francisco and the Neurosurgery Service at the 
San Francisco General Hospital are seeking a qualified candi- 
date to direct research efforts at the Laboratory for Neural In- 
jury at the SFGH. Current and recent research have examined 
models of traumatic brain injury and focal cerebral ischemia 
and their treatment. Future investigations will include exam- 
ination of mechanisms of progressive cellular injury, in vivo 
and in vitro, and evaluate possible methods of cell protection. 
The candidate should have a background in basic and/or ap- 
plied research in brain injury and be prepared to conduct in- 
dependent research as well as direct the research efforts of 
a variety of medical students and neurosurgical residents and 
fellows in this area. Existing grant support would be helpful but 
not essential for the position, but it is anticipated that the di- 
rector will secure extramural support within several years. In- 
terested applicants should send a curriculum vita to: 


Lawrence H. Pitts MD, Department of Neurological Surgery, 
UCSF 
San Francisco, CA 94143-0112 


UCSF is an equal opportunity employer. Women and minori- 
ties are encouraged to apply. 


FACULT 
POSITION 


The DEPARTMENT OF NEUROLOGY at the Univer- 
sity of Massachusetts Medical Center has a full time 
academic faculty position available for 1990, at the 
Assistant or Associate Professor level. The position is for 
a candidate with a demonstrated interest and back- 
ground in teaching, research and patient care. The 
proportion of time devoted to each of these activities is 
negotiable. Experience and seniority will be taken into 
consideration. Financial arrangements are competitive 
with other similar institutions. 


Reply to: David A. Drachman, M.D., Professor and 
Chairman, Department of Neurology, University of 
Massachusetts Medical Center, 55 Lake Avenue 
North, Worcester, MA 01655, USA. 


An Affirmative Action/ 
Equal Opportunity 
Employer 


Departmental Chair 
in Neurology 


THE 

GEORGE 
WASHINGTON 
UNIVERSITY 
MEDICAL CENTER 
WASHINGTON, D.C. 


A search is underway to fill the Chair of the Department of Neurol- 
ogy at the George Washington University Medical Center. The 
Department of Neurology is an active part of a comprehensive 
academic effort in neuroscience at one of the nation's major medi- 
cal schools. There is excellent basic science support in neuro- 
biology both within the institution and at the National Institutes of 
Health and the Armed Forces Institute of Pathology. An active and 
approved residency training program is in place. There are excel- 
lent collegial relationships both investigatively and Clinically with 
other areas of clinical neuroscience (neruosurgery, psychiatry, 
neuroradiology, neuropathology, neuroanaesthesiology). 


The vigorous new leadership of the medical center and university 
helps to make this an outstanding academic opportunity. 
It is anticipated that the individual selected would assume the 


Chair as of July 1, 1990. Nominations close October 31, 1989. 
Letters of interest and CVs should be sent to: 


Ms. Susan G. Shields 
Suite 7-420, 2150 Pennsylvania Avenue Northwest 
Washington, DC 20037 
(202) 994-4238 


The George Washington University 
is an equal opportunity/affirmative action employer. 


VICE PRESIDENT AND MEDICAL DIRECTOR 


Gaylord Hospital, a 121-bed rehabilitation facility in Wallingford, 
Connecticut, long known for its dedication and contributions to 
the field of rehabilitation, is seeking a candidate with national 
presence in one of the following disciplines: Physiatry, Neurology, 
Orthopaedics, or Internal Medicine, for the position of VICE 
PRESIDENT AND MEDICAL DIRECTOR. Current programs 
include traumatic brain injury, spinal chord, chronic pain, 
chemical dependency, stroke, pulmonary disease, neurological 
disorders, amputees, orthopedics, and burns. A full range of 
ambulatory care services are also available on site as well as 
through the outpatient center in New Haven, which is run jointly 
with Yale-New Haven Hospital. 


Responsibilities include: program development, providing 
medical leadership to the institution, some direct patient care, 
providing leadership and direction for the development of 
research and publication, and exploring the development of a 
rehabilitation residency program in affiliation with an academic 
medical center. 


Gaylord would like to enhance its already excellent regional 
reputation to one of greater national significance by recruiting a 
Medical Director with national presence as well as a recognized 
area of expertise. 


Contact: Patti Hoffmeir 
First Resource, Inc. 
7 Great Valley Parkway 
Suite 110 
Malvern, PA 19355 
(215-889-3140) 





THE NATIONAL INSTITUTE OF NEUROLOGICAL 
DISORDERS AND STROKE 


= National Institutes of Health, Public Health Service 


MEDICAL STAFF FELLOWSHIPS 
FOR JULY 1990 


The Clinical Neurosciences Program of the National 


Institute of Neurological Disorders and Stroke, National 
Institutes of Health, Public Health Service, offers two 
year appointments as Medical Staff Fellows to Board 
Certified or eligible neurologists. Approximately ten 
positions are available each year. 


The training program is oriented toward developing skills 
and credentials for a career in academic neurology; 
extensive educational activities are aimed at the 
fellowship level. Each fellowship focuses in depth on an 
area of clinical or basic research relevant to neurological 
disease. Opportunities include: 


Dr. William Theodore 


Dr. Thomas Chase 


Epilepsy 


Extrapyramidal Disease 
and Dementia 


Neuroimmunology Dr. Dale McFarlin 


Neuromuscular Disease 
and AIDS 


Clinical Neuropharmacology 
Metabolic Neurology 
Neuroimaging 
Neuroepidemiology 

EEG 

EMG 

Consultation Neurology 


Human Motor Control 


Dr. Marinos Dalakas 


Dr. Ronald Polinsky 
Dr. Roscoe Brady 
Dr. Giovanni DiChiro 
Dr. Gustavo Roman 
Dr. Susumu Sato 
Dr. Roger Gilliatt 

Dr. Barbara |. Karp 
Dr. Mark Hallett 





As a Medical Staff Fellow you will receive an initial salary 
of $32,000 with increments of $2,000 per year up to a 
maximum salary of $36,000. Moving, travel expenditures 
and Federal health care benefits are available. 


Applicants may write directly to the sponsor of the 
particular fellowship of interest. More detailed 
information is available from: 


Mark Hallet, M.D. 

Clinical Director, NINDS 

Building 10, Room 5N226 

National Institutes of Health abt INS) 
9000 Rockville Pike O 

Bethesda, Maryland 20892 


A 
ELN F 
Phone: (301) 496-1561 Z GF} 


x 
HEN 
"NIH IS AN EQUAL OPPORTUNITY EMPLOYER". 


Athy Michael Reese Health Plan 


The Michael Reese Health Plan, a large 
well-established HMO serving its members in 
20 Health Centers throughout the Chicago 
Metro area, is seeking additional Board Certi- 
fied/Eligible physicians in the following 
specialty: 


Neurology 


Physicians with the Health Plan enjoy a full 
practice with modern facilities and equipment 
as well as opportunities for teaching. 


A highly-competitive salary and excellent 
benefits complement a rewarding practice and 
lifestyle. 


Interested applicants should address inquiries to: 


Scott P. Smith, M.D. , 
MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 


or call (312) 808-4551 





an equal Opportunity employer m/f/h 


THE HINES VA HOSPITAL 


is seeking qualified candidates for 


Chief, Neurology Service 


We are a 1,300-bed, acute care tertiary referral facility in suburban 
Chicago, on a 300-acre campus with Loyola University Stritch 
School of Medicine. Applicants should be skilled in clinical care and 
teaching, research and administration. 


The Hines inpatient neurology service consists of 50 beds with 1,000 
admissions per year. The service has three outpatient clinics per week 
and an active consultations service. There are about 5,000 outpatient 
visits per year exclusive of consultations. Sixteen residents are shared 
with Loyola under an integrated program, ten at Hines at all times 
and about forty residents per year rotate to the neurology service 


from other specialties. Undergraduate teaching on the service is 
active. 


Resources for clinical and basic research are excellent. Loyola has a 
particularly strong commitment to investigation evidenced by recent 
establishment of an Institute for Neuroscience and Aging. 


A competitive salary/ benefit package is available. Interested appli- 
cants should send curriculum vitae to: 


Nicholas V. Emanuele, MD 
Associate Chief, Medical Service (111) 
VETERANS ADMINISTRATION HOSPITAL 
Hines, IL 60141 
Or telephone at: 
(312) 343-7200, Extension 2701 


VA Hines is an equal opportunity employer 
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MIDAS REX™ Institute 
2929 Race Street ¢ Fort Worth, Texas 76111 
800-433-7639 © 817-831-2604 
OCTOBER 1989 - APRIL 1990 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 
II. Surgeons will participate in hands-on workshops with advanced 


pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 
proved competence in OR support. 

III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated: 


















CRANIUM?: Osteoplastic terip ap, 1% min. ¢ Posterior craniec- 
tomy, 45-60 sec. * Osteoplastic p caniotomy, 1-2 min. * Free tem- 
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ae 


and shape in OR, 14 min.; in situ, 14 min. 





+Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial, and ENT problems will be explored according to the individual 

wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee payments 

are made through the Midas Rex Office in Fort Worth. 


For additional information, call or write. 


“MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS” 
(NEURO 700, ORP 700) 


NEUROSURGICAL 
SYMPOSIA/HANDS-ON WORKSHOPS 
ENT, Maxillofacial, Plastic and ORL Surgeons 

should attend conferences for Neurosurgeons. 


EXTENSION SITES 


MONTREAL, QUEBEC, CAN, OCT. 9-10-11. 


ANAHEIM, CA, OCT. 19-20-21. 


OCT. 26-27-28. (Immediately pre- 
Congress of Neurological Surgeons 
meetings.) 












A 
cedes the 


PHOENIX, AZ, NOV. 6-7-8. Cosponsored by w 
N ical Institute/St. Joseph’s Hospital and 
Medical Center. (Immediately ing the 2nd An- 


nual Barrow Neurological Institute Spine Workshop. 


KEY WEST, FL, JAN. 17-18-19, 1990. Cosponsored 
by Memorial Medical Center, Sa 


vannah, Georgia. 
NEW ORLEANS, LA, FEB. 3-4-5, 1990. 
AT SPR FEB. 26-27-28, 1990. 


Cosponsored by The Department of N 
University of Cincinnati Medical Center, Ma 
Neurological Institute, The Christ and 


PARK CITY, UT, MARCH 14-15-16, 1990. Cospon- 
sored by The a ar of N University 
of Cincinnati Medical Center, Mayfield Neurological 
Institute, The Christ and Good Samaritan Hospitals. 
CLEARWATER BEACH, FL, APRIL 8-9-10, 1990. 
Cosponsored by The University of South Florida Col- 
lege of Medicine, Division of Neurosurgery. 


AS. APRIL 26-27-28, 1990. (Immed- 
iately precedes the American iation of 
Neurological Surgeons meeting.) 


PERMANENT SITES 


Hands-on workshops are held m in cod slap 
nent facility locations listed below. For sc s of 
these courses see permanent facility announcements 
elsewhere in this journal, or you may telephone to re- 

quest a complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, Texas. 


NEW YORK CITY, 115 East 61st Street, Lower 
Level. 


THE PALM BEACHES, 529 25th Street, West 
Palm Beach, Florida. 


CHICAGO, 728 West Algonquin Road, Arlington 
Heights, Illinois. 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, California. 





Join the more than 7,600 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,800 Orthopaedic Surgeons; 1,600 Neurosurgeons; 2,250 OR Personnel) 
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Its All Around You 


Hundreds of Institutions 


Thousands of Clinicians 


Tens of Thousands of Patients 


All utilizing the information provided by Topographic Brain Mapping. 


,* -= 
CTRL U to save banked data’ IS surts 


Introducing the Brain Atlas 





EEG Mapper 


Now from the leader...a modestly priced addition to the 
world renowned Brain Atlas series. 


Whenever professionals interested in 
the brain think about advanced analysis, 
Topographic Brain Mapping comes to mind. 
Now Bio-logic has developed the Brain 
Atlas EEG Mapper; a modestly priced 
system for adding topographic mapping 
to your EEG machine. 

Use your EEG machine with the EEG 
Mapper and save money 

The Bio-logic EEG Mapper connects 
to your existing EEG machine via a cable. 
It is able to process up to 32 signal sources. 
EEG Mapper translates the EEG signals 
into multi-color topographic maps, capable 
of indicating even subtle abnormalities. 


Call toll free at: 800-323-8326 


Corporate 


Headquarters 
One Bio-logic Plaza 
Mundelein, IL 60060 


Telex: 650- 1733095 MCI 


Illinois call collect: 312-949-5200 


A powerful package with 
a distinguished heritage 

The EEG Mapper is derived from our 
Brain Atlas series. The EEG Mapper brings 
you the EEG analysis power of the Brain 
Atlas at an entry level price. The EEG 
Mapper can even be upgraded to a full 
featured Brain Atlas. 


Patient analysis and comparisons 
Both analysis and comparison to 
normal population are at your fingertips. 
The topographic maps may be easily 
manipulated to show a variety of views, 
summaries, and specific localizations. 


Europe/Middle East 
Dickenson House, Albion Street, 
Chipping Norton, Oxfordshire, 

K 0X7 SR 


Telephone: 44 608 41 981 
Telex: Ref. EEGO01, 
265871 MONREF G 


® EEG Mapper is yours to command 


Interested in frequency analysis? The 
EEG Mapper will perform an FFT with 
just one command. How about Processed 
EEG? The EEG Mapper also performs 
CSA with the push of just one button. 

Tired of mountains of paper? The EEG 

Mapper can store it for you, electronically, 
in digital form (with an optional paper 
printout). Would you like to pick the EEG 
to save or analyze, editing out any artifact 
included? The EEG Mapper will let you 
separate the good data from the bad. You 
may even use digital filtering to remove 
interference after the fact. 

View and Review 

Ever wish you could replay EEG with 
a different montage? The EEG Mapper 
can. If you record in a referential montage, 
it may be replayed through your EEG 
machine in any montage you choose. 
Look and See 

See for yourself. The EEG Mapper is 
just the size of a desk top computer. Call 
and arrange for one of our professionals 
to demonstrate the EEG Mapper right in 
your office. 

Bio-logic, a leader because we lead. 


Bio-logi 


Systems veeta 
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“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 pm in 
diameter, form in abundance—an exceedingly rare event: 


1987 Warner-Lambert Company 





As rare as a seizure on Dilan 
phenytoin 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way.? 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ug/mL),? often with 
once-daily therapy (Dilantin Kapseals”), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
(phenytoin) 


References 

1. Shute CCD: The ‘blue moon’ phenomenon. Weather 1976; 
31:292-296. 

2. Ramsay RE, Wilder BJ, Berger JR, et al: A double-blind 
study comparing carbamazepine with phenytoin as initial 
seizure therapy in adults. Neurology 1983;33:904-910 

3. Porter Rj, Theodore WH: Nonsedative regimens in the 
treatment of epilepsy. Arch Intern Med 1983;143:945-947. 


Please see next page for brief summary of prescribing information. 
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DILANTIN® (Extended Phenytoin Sodium Capsules, USP) KAPSEALS® 
DILANTIN® (Phenytoin Sodium Injection, USP) PARENTERAL 


Before prescribing, please see full prescribing information. A Brief Summary follows. 







IMPORTANT NOTE 
This drug must be administered slowly. In adults do not exceed 50 mg per minute intravenously. 
In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 









INDICATIONS AND USAGE: Parenteral: Parenteral Dilantin is indicated for the control of status epilepticus of the 
grand mal type, and prevention and treatment of seizures occurring during neurosurgery. 

Oral: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) and complex partial 
(psychomotor, temporal lobe) seizures and prevention and treatment of seizures occurring during or following 
neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage and 
Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

Parenteral: Because of its effect on ventricular automaticity, phenytoin is contraindicated in sinus bradycardia, 
sino-atrial block, second and third degree A-V block, and patients with Adams-Stokes syndrome. 


WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per minute in adults. 


In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular conduction depression 
and ventricular fibrillation. Severe complications are most commonly encountered in elderly or gravely ill patients. 
Phenytoin should be used with caution in patients with hypotension and severe myocardial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous route. 

The intramuscular route is not recommended for the treatment of status epilepticus since blood levels of 
phenytoin in the therapeutic range cannot be readily achieved with doses and methods of administration ordinarily 
employed. 

Oral: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. When, in the 
judgment of the clinician, the need for dosage reduction, discontinuation, or substitution of alternative antiepileptic 
medication arises, this should be done gradually. However, in the event of an allergic or hypersensitivity reaction, 
rapid substitution of alternative therapy may be necessary. In this case, alternative therapy should be an 
antiepileptic drug not belonging to the hydantoin chemical class. 

Parenteral and Oral: There have been a number of reports Suggesting a relationship between phenytoin and 
the development of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, 
pseudolymphoma, lymphoma, and Hodgkin's Disease. Although 
a Cause and effect relationship has not been established, the 
occurrence of lymphadenopathy indicates the need to 
differentiate such a condition from other types of lymph node 
pathology. Lymph node involvement may occur with or without 
symptoms and signs resembling serum sickness eg, fever, rash 
and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an 
extended period is indicated and every effort should be made to 
achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum 
levels while chronic alcoholic use may decrease serum levels. 
Usage in Pregnancy: Parenteral and Oral: A number of reports 
Suggests arrassociation between the use of antiepileptic drugs by women with epilepsy and a higher incidence 
of birth defects in children born to these women. Data are more extensive with respect to phenytoin and 
phenobarbital, but these are also the most commonly prescribed antiepileptic drugs; less systematic or anecdotal 
reports Suggest a possible similar association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women cannot be 
regarded as adequate to prove a definite cause and effect relationship. There are intrinsic methodologic problems 
in obtaining adequate data on drug teratogenicity in humans; genetic factors or the epileptic condition itself may be 
more important than drug therapy in leading to birth defects. The great majority of mothers on antiepileptic medication 
deliver normal infants. It is important to note that antiepileptic drugs should not be discontinued in patients in whom 
the drug is administered to prevent major seizures, because of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or fetus. The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate and heart mal- 
formations in children of women receiving phenytoin and other antiepileptic drugs, there have more recently been 
reports of a fetal hydantoin syndrome. This consists of prenatal growth deficiency, microcephaly and mental deficiency 
in children born to mothers who have received phenytoin, barbiturates, alcohol, or trimethadione. However, these 
features are all interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers received 
phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because of altered 
phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is particularly valuable 
in the management of a pregnant epileptic patient as a guide to an appropriate adjustment of dosage. However, 
postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to.epileptic mothers 
receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct this deféct and has 
been recommended to be given to the mother before delivery and to the neonate after birth. 

PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infusion is not recommended 
due to lack of solubility and resultant precipitation. 

Parenteral Dilantin should be injected slowly (not exceeding 50 mg per minute in adults), directly into a large 
vein through a large-gauge needle or intravenous catheter. Each injection of intravenous Dilantin should be followed 
by an injection of sterile saline through the same needle or intravenous catheter to avoid local venous irritation 
due to the alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without extravasation of 
intravenous phenytoin. Soft tissue irritation may vary from slight tenderness to extensive necrosis, sloughing, 


_ and in rare instances has led to amputation. Improper administration including subcutaneous or perivascular 


injection should be avoided to help prevent possibility of the above. 

Oral: Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 
interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the chief site of biotransformation of phenytoin; patients with impaired liver 
function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin have beeñ shown to metabolize the 
drug slowly. Slow metabolism may be due tofimited enzyme availability and lack of induction; it appears to be 
genetically determined. Eigen. he } 

Phenytoin should be discontinued if 


ish appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, ; or bullous or if lupus erythematosus, Stevens-Johnson 
syndrome, or toxic epidermal necrolysis i$ suspected, use-of this drug should not be resumed and alternative 
therapy should be considered. (See. Adverse Reactions.) If the rash is of a milder type (measles-like or 
Scarlatiniform), therapy may be resumed after thé rash has completely disappeared. If the rash recurs upon 
reinstitution of therapy, further phenytoin medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. Phenytoin 





_ May also raise the serum glucose level in diabetic patients. 
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Dilantin 
(phenytoin 


pie gn ai A E TE PEN SPT Tritt te anyen 
_ Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate diagnostic 
procedures should be performed as indicated. 
Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence (petit mal) 
seizures are present, combined drug therapy is needed. 
Serum levels of phenytoin sustained above the optimal range may produce confusional states referred to as 
‘delirium,’ “psychosis,” or “encephalopathy” or rarely irreversible cerebellar dysfunction. Accordingly, at the first 


xy 


sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy is indicated if plasma - 


levels are excessive; if symptoms persist, termination is recommended. (See Warnings) j 

Information for Patients: Oral: Patients taking phenytoin should be advised of the importance of adhering strictly 
to the prescribed dosage regimen, and of informing the physician of any clinical condition in which itis not possible 
to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking the 
physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development of gingival 
hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Parenteral and Oral: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: Parenteral and Oral: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed below: 1. Drugs which 
may increase phenytoin serum levels include: chloramphenicol, dicumarol, disulfiram, tolbutamide, isoniazid, 
phenylbutazone, acute alcohol intake, salicylates, chlordiazepoxide, phenothiazines, diazepam, estrogens, 
ethosuximide, halothane, methylphenidate, sulfonamides, cimetidine, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, reserpine. 
Moban® brand of Molindone Hydrochloride contains calcium ions which interfere with the absorption of phenytoin. 
Ingestion times of phenytoin and antacid preparations containing calcium should be staggered in patients with 
low serum phenytoin levels to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, valproic acid, 
and sodium valproate. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium valproate 
serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible patients 
and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, oral 
contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, estrogens, furosemide. 

Serum level determinations are especially helpful when possible drug interactions are suspected. 
Drug/Laboratory Test Interactions: Parenteral and Oral: 
Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may cause 
increased serum levels of glucose, alkaline phosphatase, and 
gamma glutamyl transpeptidase (GGT). 

Carcinogenesis: Parenteral and Oral: See ‘Warnings’ section for 
information on carcinogenesis. 

Pregnancy: Parenteral and Oral: See Warnings 

Nursing Mothers: Parenteral and Oral: Intant breast-feeding is 
not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Parenteral: The most notable signs of 
toxicity associated with the intravenous use of this drug are cardiovascular Collapse and/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intravenous route. The rate 
of administration is very important; it should not exceed 50 mg per minute in adults, and 1-3 mg/kg/min in 
neonates. At this rate, toxicity should be minimized. 

Cardiovascular: Parenteral: Severe cardiotoxic reactions and fatalities have been reported with atrial and 
ventricular conduction depression and ventricular fibrillation. Severe complications are most commonly 
encountered in elderly or gravely ill patients. 

Injection Site: Parenteral: Local irritation, inflammation, tenderness, necrosis, and sloughing have been reported 
with or without extravasation of intravenous phenytoin. 

Central Nervous System: Parenteral and Oral: The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nystagmus, ataxia, slurred speech, 
decreased coordination and mental confusion. Dizziness, insomnia, transient nervousness, motor twitchings, 
and headaches have also been observed. There have also been rare reports of phenytoin induced dyskinesias, 
including chorea, dystonia, tremor and asterixis, similar to those induced by phenothiazine and other neuroleptic 
drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving long-term 
phenytoin therapy. 

Gastrointestinal System: Parenteral and Oral: Nausea, vomiting, and constipation. 

Integumentary System: Parenteral and Oral: Dermatological manifestations sometimes accompanied by fever 
have included scarlatiniform or morbilliform rashes. A morbilliform rash (measies-like) is the most common; other 
types of dermatitis are seen more rarely. Other more serious forms which may be fatal have included bullous, 
exfoliative or purpuric dermatitis, lupus erythematosus, Stevens-Johnson syndrome, and toxic epidermal 
necrolysis (see Precautions). 

Hemopoietic System: Parenteral and Oral: Hemopoietic complications, some fatal, have occasionally been 
reported in association with administration of phenytoin. These have included thrombocytopenia, leukopenia, 
granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow suppression. While 
macrocytosis and megalobiastic anemia have occurred, these conditions usually respond to folic acid therapy. 
Lymphadenopathy including benign lymph node hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's 
Disease have been reported (see Warnings). 

Connective Tissue System: Parenteral and Oral: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Other: Parenteral and Oral: Systemic lupus erythematosus, periarteritis nodosa, toxic hepatitis, liver damage, 
and immunoglobulin abnormalities may occur. 

OVERDOSAGE: Parenteral and Oral: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to S grams. The initial symptoms are nystagmus, ataxia and dysarthria. Other signs are tremor, hyper- 
reflexia, lethargy, slurred speech, nausea, vomiting. The patient may become comatose and hypertensive. Death 
is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where toxicity may 
occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 meg/mL, dysarthria and lethargy 
appear when the plasma concentration is over 40 mcg/mL, but as high a concentration as 50 meg/mL has been 
reported without evidence of toxicity. As much as 25 times the therapeutic dose has been taken to result ina serum 
concentration over 100 mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and appropriate 
Supportive measures employed. Hemodialysis can be considered since phenytoin is not completely bound to 
plasma proteins. Total exchange transfusion has been used in the treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be borne in mind. 
Caution — Federal iaw prohibits dispensing without prescription, 
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onsider how many patients you refer for 
ascular diagnosis. How many patients 
bu risk losing. 


here’s an alternative. Unlike referral, it 
pesn’t delay diagnosis, nor jeopardize 
bur continued management of a 

atient. 


’$ Biosound. Neurologists across 
e country have relied on Biosound 
ltrasound for over 10 years. Here’s why. 


-Office Cerebrovascular Evaluation. 
1e close relationship between 

tracranial carotid disease and cerebral 
hemic events is well-documented. With 
osound equipment, our customers have 


panded the scope of their practice by. . . 


> Diagnosing carotid artery disease 


> Differentiating soft from 
calcified plaque 


> Evaluating hemodynamically 
significant lesions 


> Identifying the cause of vertebrobasilar 
insufficiency 


d they determine the course of 
eatment, and chart its effectiveness with 
rial follow-up studies. 


ranscranial Doppler (TCD). Until TCD, 
e cerebral arteries had eluded all 
oninvasive means of examination. Now 
CD permits noninvasive, quantitative 
ssessment of intracerebral arterial flow, 
nd offers valuable clinical contributions, 
cluding... 


> Monitor vasospasm following 
subarachnoid hemorrhage 


> Determine collateral capacity in ECA/ 
ICA bypass candidates 


> Identify AVM feeder arteries 

> Assess the degree of cerebral ischemia 
> Locate siphon lesions 

oth the Phase 2 and Genesis II duplex 


stems from Biosound offer 2MHz pulsed 
CD with measurement and analysis 


support software. Biosound’s TCD 
technology will not only assist in 
diagnostic and surgical decisions, but it 
will also be an important aid during 
surgery and in surgical and therapeutic 
follow-up. 


Ultrasound and You. Considering adding 
ultrasound to your practice? Think 
Biosound. Only we provide advanced 
annular phased array imaging technology 
plus integrated TCD, with... 


# A choice. Why settle for a stand-alone 
TCD device that can’t begin to address the 
original issues of diagnostic timeliness 
and patient management? Biosound offers 
two full-feature duplex systems, both with 
TCD. 


 CME-accredited education. Our 
comprehensive programs in vascular 
scanning and interpretation and TCD 
ensure that you and your technologists 
receive the training needed to get you 
started and keep you up-to-date. 


¢ Financial alternatives. If leasing 
best-suits your financial requirements, 
your Biosound representative can provide 
a customized pay-back analysis at your 
request. 


Contact Biosound today to receive your 
complimentary TCD bibliography and 
additional information on how we can 
help you expand your practice, not 
someone else’s. 


6405 Castleway Court 
P.O. Box 50858 
Indianapolis, Indiana 46250-0858 
800/428-4374 e 317/849-1793 


Transcranial Doppler - Noninvasive, 
quantitative assessment of intracerebral 
arterial flow. 


Biosound’s Phase 2 - The highest resolution 
vascular imager in the world with an 
impressive list of industry firsts. 


Biosound’s Genesis II - Advanced annular 4 
array technology and full duplex 
capabilities in a portable, cost-effective 


package. 
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Instructions for Authors 


_ Send manuscripts by first-class mail to the Chief Editor, Robert 

J. Joynt, MD, PhD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
are received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
_ Manuscripts become the permanent property of the ARCHIVES and 
, may not be published elsewhere without permission from the 
publisher (AMA). 

In addition, in view of The Copyright Revision Act of 1976, effective 
_ Jan 1, 1978, transmittal letters to the editor should contain the following 
language: “In consideration of the American Medical Association’s tak- 
ing action in reviewing and editing my submission, the author(s) under- 
signed hereby transfers, assigns, or otherwise conveys all copyright own- 
ership to the AMA in the event that such work is published by the AMA.” 
We regret that transmittal letters not containing the foregoing language 
signed by all authors of the submission will necessitate delay in review of 
the manuscript. 

Author Responsibility.— Al] accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than galley proofs for approval. The author is responsible for all 
statements in his work, including changes made by the copy 
editor. 

Designate one author as correspondent and provide his address 
and telephone number. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to which 
requests for reprints should be sent. 

Manuscript Preparation.—Submit three high-quality copies of 
_ the entire manuscript. The copies will not be returned. The 
_ authors should keep the original manuscript for submission if 
accepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 X 27.9-cm 
82 X 11-in), heavy-duty white bond paper. Ample margins of at 
_ least 2.5 cm (1 in) should be provided. If a word processor is used, do 
not justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
` should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 

Style of Writing.—The style of writing should conform to ac- 
ceptable English usage and syntax. Slang, medical jargon, obscure 
- abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.—Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract replaces the summary. 

References.— List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references. References to journal articles 
should include (1) author(s), (2) title, (3) journal name (as 
abbreviated in Index Medicus), (4) year, (5) volume number, and 
(6) inclusive page numbers, in that order. References to books 
should include (1) author(s), (2) chapter title (if any), (3) editor (if 
any), (4) title of book, (5) city of publication, (6) publisher, and (7) 
year. Volume and edition numbers, specific pages, and name of 
translator should be included when appropriate. The author is 
responsible for the accuracy and completeness of the references 
and for their correct text citation. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES. ) 

Illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
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should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

An experienced medical illustrator should be employed wheney- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 


Legends.—Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 


Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 
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Statistical Review.—Manuscripts containing statistical evalua- 
tions should include the name and affiliation of the statistical 
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Tables.— Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-cm (8% X 11-in) 
paper. Do not use larger size paper. If a table must be continued, 
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of disclosures appropriate for publication. 
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ing information is needed, or to order by telephone, call 1-800-638- 
0672. 
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Transderm Scop’ 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scop is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scop provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or in a 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scop should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scdp should not be used in children and should be 
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Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scdp should be used with special caution in the 
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Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
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operating dangerous machinery. A patient brochure is available. 


Drug Interactions 

Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scdp should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scop is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scép should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scdp is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scop: 
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hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scop system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scop disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scōp disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 
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reduction in the incidence of nausea and vomiting than 25 
mg meclizine (P = 0.01) and placebo (P = 0.003). 

2. Price N et al: Clin Ther 1979;2:258-262. Studies at sea 
that demonstrated a 75% mean reduction in the incidence 
of nausea and vomiting associated with motion sickness 
with Transderm Scop, compared to 50% with Dramamine® 
(P>0.05). 
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DATA 


The Epilepsy Foundation 
of America’s 
National Epilepsy Library 
and Resource Center 
offers current 
information to 
physicians and patients. 


Research 


On-line databases and 
access to major 
collections allow us to 
offer searches of the 
medical literature at 
no charge. 


Resources 


Access to computerized 
directories enables us 
to help locate 
specialized programs 
and resources across 
the country. 





Social Impact 


We have extensive 
information on the 
psychosocial aspects of 
epilepsy, including 
legal problems and 
employability. 





Education 


Our collection of 
professional and 
patient education 
materials is available to 
physicians and patients. 





The National Epilepsy Library 
and Resource Center 
(301) 459-3700 


A program of the 
Epilepsy Foundation of America 


Supported by a major grant from 
Parke-Davis 
Division of Warner-Lambert Company 
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VER A CENTURY AGO, 


a thousand visionary physicians across the 
nation bestowed a commemorative stone 
carving to the Washington Monument. This patriotic 
display symbolized their unrelenting devotion to a 


new republic founded on 
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freedoms — including the 
freedom to practice medicine 
for the best possible health of 


tiltatt 


| 


all its people. Today your help 
is needed to restore this symbol 


of our profession. Wl Ae À ¢ ; 
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Because the commemo- 
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rative stone has suffered from 





severe erosion and deface- 
ment, the American Medical Association is launching a campaign to raise money from 
physicians to restore this symbol of medicine for the National Park Service. Every 
contribution made to this effort will serve as a statement of each physician's personal 
affirmation and commitment to health and medicine in America. 

Please take part in rededicating the commemorative stone as a shining example of 
the strength of medicine in a free and strong society. 
Contributors who donate $100 or more will receive a 
memorial replica of the carving as a token of appreciation. 
Send your tax deductible contribution for this time- 


less symbol today. Thank you. 
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Yes, I want to affirm my commitment R 




















= to health and medicine in America. dias 
- = Please accept my contribution for: rer om 
== Other z 
N $100 

=E $50 City/State/Zip 

S fos i BES 

4G Please make checks payable to: All donations are tax deductible. All contributions will be publicly recognized in an 

RR AMA Stone/National Park Service. unveiling ceremony for the new stone when it is fully restored. 

Mail your payment with this form to: Thank you for your contribution. 
AMA Stone/National Park Service 
P.O. Box 109016 


Chicago, Illinois 60610-9016 








First Annual Meeting 
of the 


North American skull Base Society 






Approaches to the Skull Base 
February 17 - 21, 1990 


Marina Beach Hotel 
Marina Del Rey (Los Angeles), California 








Hosted by 
House Ear Institute, Los Angeles, CA 






President: 








Paul J. Donald, M.D. 








Organizing Committee: Donald P. Becker, M.D., Los Angeles Steven L. Giannotta, M.D., Los Angeles 
Antonio De la Cruz, M.D., Los Angeles Horace Norrell, M.D., Sarasota 
Paul J. Donald, M.D., Sacramento Albert Rhoton, M.D., Gainesville 
William Hitselberger, M.D., Los Angeles Laligam Sekhar, M.D., Pittsburgh 
William F. House, M.D., Los Angeles Herbert Silverstein, M.D., Sarasota 
Ivo Janecka, M.D., Pittsburgh Peter G. Smith, M.D., St. Louis 






Derald E. Brackmann, M.D., Los Angeles 







Local Organizing Chairman: Antonio De la Cruz, M.D., Director of Education, House Ear Institute 
256 South Lake Street, Los Angeles, California 90057 (213) 483-4431 





Fees: Physicians $350; Residents $50; Registered Nurses: $150. 
Additional fee of $100 will be charged for registrations received after January 6, 1990. 






Call For Papers: Abstracts must be received by September 1, 1989. 

















“The technological advantage of the Midas 


Rex instrumentation provided the capability CL ASSIFIEDS 


to safely perform a complex spinal osteo- 


tomy in a simplistic, gentle manner with a TARGETED TO YOU 


tremendous saving of time. The ability to 
remove the entire fused spine in a safe and h 
efficient manner with the S-1 dissecting Every month this journal now has 


tool and S footed attachment, would not a special “Classified Advertising” 
eye ee owe a rely types: OF section full of professional 
a. NN opportunities in your specialty. 

It’s a highly visible marketplace of 
wide-ranging opportunities, all 
concentrated under our new, blue 
banner. You'll find it toward the 
back of this issue. 


Midas Rex Pneumatic Tools, Inc. 
3001 Race Street © Fort Worth, Texas 76111 
800-433-7080 © (Texas) 817-831-4181 


For details on advertising call: 
National: 800-237-9851 0 Florida: 800-553-8288 
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Calendar 

1989 

Oct 14-18 
17-22 
21-22 
26-28 

Nov 1 
2-4 
2-4 
6-10 
17-18 

Dec 1-2 

1990 

Jan 14-19 

Feb 14-16 

April 1-6 
1-8 
9-12 
25-27 


V/nl AQ Katahar 1QRQ 


CALENDAR OF MEETINGS 


Fourth International Headache Congress, Sydney, Australia. Contact Mrs Eleanor Loveridge, PO 
Box 925, Crows Nest, New South Wales, 2065, Australia; 612 439 6185; facsimile, 612 436 3730; 
Telex, AA23023. 

The 18th International Epilepsy Congress, Taj Palace Hotel, New Delhi, India. Contact Professor 
M. C. Maheshwari, Secretary-General, 18th International Epilepsy Congress, Department of Neu- 
rology, Neurosciences Centre, All India Institute of Medical Sciences, New Delhi- 110029, India. 
international Merritt-Putnam Symposium. Taj Palace Hotel, New Delhi, India. Contact Ruben Guti- 
errez or Marilyn Abel, InttaMed Communications, 1180 Avenue of the Americas, New York, NY 
10036; (212) 827-6580. 

Seventh Annual Advanced Neuroradiology Seminar, Hyatt Regency Grand Cypress Hotel, Orlan- 
do, Fla. Contact Agnes Bridges, Radiological Services, The Tampa General Hospital, PO Box 1289, 
Tampa, FL 33601; (813) 251-7778. 

“Pediatric Neurology Update,” Bunts Auditorium, The Cleveland (Ohio) Clinic. Contact The Cleve- 
land Clinic Educational Foundation, Department of Continuing Education, 9500 Euclid Ave, TT31, 
Cleveland, OH 44195-5241; 800-762-8172 (Ohio), 800-762-8173 (outside Ohio). 

German Research Group on Aphasia, Cologne, West Germany. Contact Professor J. N. Petrovici, 
Department of Neurology, Merheim-Hospital, 200 Ostmerheimer Str, D-5000 Cologne 91, West 
Germany. 

“Clinical Neuroimmunology VI: The State of the Art.” The Knickerbocker Hotel, Chicago, Ill. Con- 
tact The University of Chicago, Center for Continuing Medical Education, 5841 S Maryland Ave, Box 
139, Chicago, IL 60637; (312) 702-1056. 

Second International Conference on Alzheimer’s and Parkinson's Diseases, Kyoto, Japan. Contact 
Professor Toshiharu Nagatsu, Department of Biochemistry, Nagoya University School of Medicine, 
Showa-Ku, Nagoya 466, Japan. 

“Frontal Lobe Functioning and Recovery From Injury,” Galveston, Tex. Contact Division of Neuro- 
surgery, The University of Texas Medical Branch, Galveston, TX 77550; (409) 761-2125. 
“Genes, Brain, and Behavior,” planned by the Association for Research in Nervous and Mental 
Disease, cosponsored by the New York Academy of Medicine, Roosevelt Hotel, New York, NY. 
Contact Ivan Bodis-Wollner, MD, Secretary-Treasurer, Association for Research in Nervous 
and Mental Disease, Box 1052, Mount Sinai Hospital, One Gustave L. Levy PI, New York, NY 
10029. 


{2th International Congress of Electroencephalogram and Clinical Neurophysiology, Rio de Janeiro, 
Brazil. Contact 12th International Congress of Electroencephalogram and Clinical Neurophysiolo- 
gy, c/o Congrex do Brasil, Rua de Ouvidor, 60-Groupo 414, 20040 Rio de Janeiro, RJ-Brazil. 
23rd Recent Annual Advances in Neurology, Fairmont Hotel, San Francisco, Calif. Contact 
Extended Programs in Medical Education, University of California, Room 569-U, San Francisco, CA 
94143-0742; (415) 476-4251. 

Sixth World Congress on Pain, Adelaide, Australia. Contact International Association for the Study 
of Pain, 909 NE 43rd St, Suite 306, Seattle, WA 98105-6020; (206) 547-6409. 
‘“Pathophysiological and Compensatory Events During Cerebral Ischemia and Postischemic 
Edema,” Trapani, Italy. Contact Professor Carlo Alvisi, Cattedra di Neurochirurgia, Istituto di Neu- 
rologia, Via Foscolo 7, 40123 Bologna, Italy. 

The Third International Congress of the World Apheresis Association, Amsterdam, the Netherlands. 
Contact Congress Secretariat, RAI Organisatie Bureau Amsterdam bv Europaplein 12, 1078 GZ 
Amsterdam, the Netherlands. 

The First International Congress of Movement Disorders, Washington, DC. Contact Mark Hallett, 
MD, National Institute of Neurologic Disorders and Stroke, National Institutes of Health, Bldg 10, 
Room 5N226, Bethesda, MD 20892. 
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FIRST ANNUAL SYMPOSIUM ON NEUROLOGIC REHABILITATION 


HYATT REGENCY €3)BEAVER CREEK 


BEAVER CREEK, COLORADO 


JANUARY 8-11, 1990 


The purpose of this symposium is to teach and integrate the principles of 
neurologic rehabilitation in common neurologic problems. 


Cerebrovascular Disease 
Clinical Exercise Physiology 
Equipment Needs/Environment 
Head Injury/ Head Trauma 


TOPICS 
Multiple Sclerosis 
Neuromuscular 
Politics Panel 
Rehabilitation Exercise 


Spinal Cord Injury 

Stroke 

Swallowing, Dysphagia 
Wheelchair Positioning, Bracing 
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Monday, January 8 
Tuesday, January 9 
Wednesday, January 10 
Thursday, January 11 


Norman H. Bass, M.D. 
Professor and Chief of 
Division of Rehabilitation 
Department of Neurology 
University of Maryland 
Baltimore, MD 


Jack S. Burks, M.D. 

Director of the Rocky Mountain 
M.S. Center 

Swedish Medical Center 
Denver, CO 


Robert E. Dustman, Ph.D. 

Director of Neuropsychology Research 
VA Medical Center 

Salt Lake City, UT 


Robert A. Habasevich, M.S.P.T. 
Administration—Moss Rehab., Inc. 
Associate Clinical Professor 
Temple University 


HYATT REG 


a In the Vail Valley at Beaver Creek, a self- 


contained village. 


a 10 minutes from Vail, with special 


boutique shopping and nightlife, serie 


by shuttle bus. 


= Special Camp Hyatt children's activity 
programs. 


SYMPOSIUM FEE: 


SCHEDULE 


5-9 pm 

7-9 am /4-7 pm 
7-9 am /4-7 pm 
7-9 am /4~-7 pm 
8-10:30 pm 


FACULTY 


Gretchen E. Hecht, C.O. 
President and Owner 
Sawtooth Orthotics 
Boise, ID 


Richard W. Hicks, Ph.D. 

Director of Research and Education 
Jimmie Heuga Center 

Vail, CO 


Richard B. Lazar, M.D. 

Attending Physician of Neurology 
and Rehabilitative Medicine 
Rehabilitation Institute of Chicago 


Fletcher H. McDowell, M.D. 
Executive Medical Director 
Burke Rehabilitation Center 
White Plains, NY 








ae i ee 


$495 / person 


ENCY€3)BEAVER CREEK 


Registration /Reception 
Seminars & Lectures 
Seminars & Lectures 
Seminars & Lectures 
Reception/ Banquet /Speaker 


Norman S. Namerow, M.D. 
Professor of Neurology, UCLA 
Medical Dir., Center for Diagnostic 
and Rehabilitative Medicine 


Jack H. Petajan, M.D., Ph.D. 
Professor of Neurology 
University of Utah 

Salt Lake City, UT 


Steven P. Ringel, M.D. 
Professor of Neurology 

Director, Neuromuscular Section 
University of Colorado 

Denver, CO 


Randall T. Schapiro, M.D. 
Clinical Professor of Neurology 
Univ. of Minnesota Medical School 
Medical Director of Rehabilitation 
Riverside Medical Center 
Minneapolis, MN 


= The heart of a winter wonderland with sleigh 
rides, white-water rafting, tennis, golf, 
swimming, boating, snowmobiling, ice skating 
and skiing...skiing...skiing. 


a Chair lifts immediately adjacent to ski-in- 
ski-out lodge. Valet ski-in-ski-out. 


» Complete health club facilities including 
indoor/outdoor, year-round pool. 


(includes: seminar and lecture fees, 
and 15 hours of Category I CME) 


Contact Denise—Jimmie Heuga Center 
181 West Meadow Drive, Suite 810, Vail, Colorado 81657 


REGISTRATION DEADLINE: December 15, 1989 
TELEPHONE INFORMATION: 1-800-367-3101 or 303-476-9275 
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This First Annual Symposium on Neurologic Rehabilitation is being organized by 
The Jimmie Heuga Center, in conjunction with members of the Section on Neurologic Rehabilitation of the 
American Academy of Neurology. 


breakfasts, dinner reception 


To REGISTER: 


CHICAGO 


728 West Algonquin Road (Arlington Heights) 
NEUROSURGICAL SYMPOSIA (NEURO 700) 


NOVEMBER 13-14-15 + 27-28-29 
DECEMBER 11-12-13, 1989 
JANUARY 4-5-6 + 15-16-17, 1990 


WORKSHOPS: The workshops are held each day from 7:00 
a.m. to 1:00 p.m. They will emphasize a series of structured exer- 
cises, utilizing appropriate animal bones, skeleta! bones, 

bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium 
and spine, including attention to bioplastics and biometals appli- 
cable to neurosurgery. 


OR PERSONNEL—dissection skills to become familiar with the 
applications of power instrumentation; discussion of and participa- 
tion in problem solving, care, and proper maintenance of power 

equipment. 


ENROLLMENT: Fee (USS): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operat- 
ing Room Personnel (RN/CST/PA/Other) 
$250.00. Make check to “Chicago Sympo- 
sium.” Mail to: Midas Rex Institute, 2929 Race 

Street, Fort Worth, Texas 76111. 


Phone: 800-433-7639 or 817-831-2604. 





Clearwat 


April 8-9-10, 1990 
MIDAS REX™ Institute 


presents 


MIDAS REX™ institute 
HANDS-ON WORKSHOPS* 


Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
FEBRUARY 1-2-3 + 12-13-14* 22-23-24, 1990 
MARCH 29-30-31, 1990 
APRIL 9-10-11 * 23-24-25, 1990 
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“Modern Dissection Techniques Of Bone, 
Biometals, Bioceramics, and Bioplastics” 


OR PERSONNEL SYMPOSIUM (ORP 700) 
For OR Personnel only: 
JANUARY 8-%10, 1990 


AREA ATTRACTIONS: 
MUSEUMS—Chicago Academy of Sciences, Chicago Historical 
Society, Museum of Contemporary Art, Art Institute of Chicago, 


Field Museum of Natural History. 


SIGHTSEEING —Shedd Aquarium, Adler Planetarium, Buckingham 
Fountain. 


PERFORMING ARTS—Chicago Sym- 
phony Orchestra, Lyric Opera of 
Chicago, ballet, recitals, concerts and 

opera. 


SPECTATOR SPORTS—White Sox in 
Comiskey Park, Cubs in Wrigley Field, 
Sting (soccer) in Chicago Stadium, 
Bears at Soldier Field, Blackhawks in 
Chicago Stadium, and horse racing 

year round. 


a *Join the more 
than 7,600 
enrollees who 
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“Modern Dissection Techniques of Bone, Biometals, Bioceramics, and Bioplastics” 
Symposia/Hands-On Workshops with Separate Hands-On Sessions: 


for Orthopaedic Surgeons (ORTHO 700) 


for Neurosurgeons, Plastic, ENT, Craniofacial, and Maxillofacial Surgeons (NEURO 700) 


for Operating Room Personnel (ORP 700) 


Course Directors: Kenneth Gustke, M.D.; David W. Cahill, M.D.; 
Susan Mitchell, Ed.D.; Terry Sensenbaugh, Ph.D. 


SYMPOSIUM FORMAT 


- 7:30 a.m. - 1:30 p.m. each day. An intensive series 

of hands-on exercises utilizing appropriate animal bones, skeletal 
bones, etc.: 

--dissection in small bones, large bones, 

spines, joint replacement, revision surgery, methyimethacrylate, 
polyethylene, and biometals, including broken stem extraction. 
--dissection skills for bonework of the cranium and 

spine, including attention to bioplastics and biometals applicable 
to neurosurgery. 

OR Personnel--dissection skills to become familiar with the ap- 
plications of power instrumentation; discussion of and participation 


in problem solving, care, and proper maintenance of power 
equipment. 


CREDITS: C.M.E. Credit Available. 
COURSE LOCATION AND ACCOMMODATIONS: Sheraton Sand 
Key Resort, 1160 Gulf Boulevard, Clearwater Beach, FL 33515. 
Phone: 813-595-1611. 
ENROLLMENT: Fee:(US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other)$250.00. Make check to “Clearwater Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. Phone 800-433-7639 or 817-831-2604. 


Join the more than 7,600 enrollees who have completed Midas 
Rex Hands-On Workshops. (3,800 Orthopaedic Surgeons, 1,600 


Neurosurgeons; 2,250 OR Personnel) 


Letters to the Editor 


Letters to the editor should be submitted as an orig 


typewritten double- 
prepared on a word 


inal and two duplicates. They should be 
spaced on plain bond paper; they will be subject to editing. If they are 
processor, do not justify the right margin. A copyright transmittal letter 


signed by all authors must accompany this (see “Instructions for Authors”). 


Plagiarism: 
Babinski, Art, and Originality 


To the Editor.—The January 1989 is- 
sue of the ARCHIVES contained a con- 
tribution by Drs E. W. Massey and L. 
Sanders, in which they reproduce Eu- 
ropean paintings showing an upgoing 
toe in the infant Christ.! I wish to point 
out that they have also reproduced 
European writing, but without quota- 
tion. 

The introductory paragraphs about 
the history of Babinski’s sign are al- 
most literal transcriptions from my 
1977 thesis,’ including references to 
original papers in French, German, 
and English. The history of neurology 
may not be big science, but I think it 


appropriate to set the record straight. 
J. VAN GIJN, MD 
University Department of Neurology 
Catharijnesingel 101 
3534 Utrecht, the Netherlands 


1. Massey EW, Sanders L. Babinski’s sign in 
medieval, renaissance, and baroque art. Arch 
Neurol. 1989;46:85-88. 

2. Van Gijn J. The Plantar Reflex—An Histor- 
ical, Clinical, and Electromyographic Study. Me- 
ppel, the Netherlands: Krips Repro; 1977:19, 20, 21, 
43, 46. Thesis. 


Editor’s Note.—The published thesis 
submitted by Dr van Gijn and the cited 
article by E. Wayne Massey and Lynda 
Sanders were compared by two senior 
members of the editorial board and 
me. We concluded that four major 
passages with the exception of an oc- 
casional word change were identical. 
The passages were related to the neu- 
rophysiology of the extensor plantar 
response. Dr van Gijn’s contribution 
was not referenced. Dr Massey ex- 
plained that he had the thesis material 
without the author being identified. 
We conclude that this is an example of 
plagiarism. 


ROBERT J. JOYNT, MD, PHD 
Chief Editor 


Retraction 


To the Editor.—In the course of a 
recent reanalysis of the clinical data- 
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base of the Stanford (Calif) Mental 
Health Clinical Research Center, er- 
rors were encountered in the descrip- 
tions of certain research subjects (ad- 
mitted to the Clinical Research Center 
between 1975 and 1980) and procedures 
that appeared in several published re- 
ports from the Center. One of these 
manuscripts, entitled “CSF Monoam- 
ine Metabolites in Movement Disor- 
ders and Normal Aging,” was pub- 
lished in the ARCHIVES.' Among the 
current uncertainties are the classifi- 
cation of certain control subjects, and 
the possibility that some of the sub- 
jects were not drug free. Because of the 
various uncertainties, we feel that we 
must retract the manuscript. Based on 
other literature, we still feel that our 
original hypothesis of lowered cere- 
brospinal fluid homovanillic acid in 
Huntington’s disease is tenable, but we 
cannot test this hypothesis with the 
data reported in the above mentioned 
manuscript. Until further experi- 
ments are done, low concentrations of 
cerebrospinal fluid homovanillic acid 
cannot be used as a putative marker 
for early Huntington’s disease. We 
apologize for any confusion that this 


situation may have caused. 
STEPHEN M. STAHL, MD, PHD 
Kym F. FAULL, PHD 
JACK D. BARCHAS, MD 
PHILIP A. BERGER, MD 
Department of Psychiatry 
School of Medicine 
University of California 

at San Diego 

La Jolla, CA 92093 


1. Stahl SM, Faull KF, Barchas JD, Berger PA. 
CSF monoamine metabolites in movement disor- 
ders and normal aging. Arch Neurol. 1985;42:166- 
169. 


Vascular Dementia 
and Dementia of 
Alzheimer-Type Cognition 


To the Editor.—In reply to the letter 
by Dr Loeb in the August 1989 issue of 
the ARCHIVES, he! raises several inter- 
esting questions, and we appreciate 
the interest he shows in our investiga- 
tion. The only modification that we 


made of the method of Soininen et al? 
was to omit the cortical index, because 
we were unable to reliably measure 
cortical sulci. Our method resembled 
that of Albert et al, except that we 
used the maximum diameter of the 
skull as the ratio denominator rather 
than the maximal diameter of the 
brain, because the former can be more 
reliably assessed. Soininen et al? also 
used the skull diameter. 

The inclusion of four patients with 
negative computed tomographic scans 
was based on a definitional approach to 
the diagnosis of vascular dementia 
that does not rely on neuroimaging. 
We utilized the Diagnostic and Statis- 
tical Manual of Mental Disorders, Re- 
vised Third Edition’ criteria for multi- 
infarct dementia, requiring character- 
istic historical and clinical features. 
We then supported the diagnosis by 
requiring that patients have Ischemia 
Scale‘ scores above 6. Again, the orig- 
inal Ischemia Scale does not require or 
include neuroimaging findings to sup- 
port the diagnosis of vascular demen- 
tia. When approached in this way, a 
variable percentage of patients will 
have unrevealing computed tomo- 
graphic scans. In the study by La- 
durner et al,° for example, 28% of the 
patients meeting clinical criteria for 
vascular dementia had computed to- 
mographic scans that were normal or 
showed only cerebral atrophy. One of 
the points of our study was that vas- 
cular dementia may be manifested 
only by the presence of leuko-araiosis 
on computed tomographic scans. This 
is consistent with recent magnetic res- 
onance imaging studies suggesting 
that many vascular lesions visible on 
magnetic resonance imaging will not 
be demonstrated by computed 
tomography.’ 

Magnetic resonance imaging is sub- 
stantially more sensitive to ischemic 
damage than is computed tomography 
and, like Dr Loeb, we would not include 
patients with normal magnetic reso- 
nance imaging studies in studies of 
vascular dementia, even if clinical cri- 
teria for the diagnosis were met. The 
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most acceptable standard for a diag- 
nosis of vascular dementia and inclu- 
sion in a research study would include 
(1) the presence of historical and clin- 
ical features of multiple vascular 
events as required by the Diagnostic 
and Statistical Manual of Mental Dis- 
orders, Revised Third Edition, (2) an 
elevated score on the Modified Is- 
chemic Scale,’ and (3) magnetic reso- 
nance imaging evidence of ischemic 
cerebral injury in excess of that occur- 
ring in the course of normal aging. 
JEFFERY L. CUMMINGS, MD 
Neurobehavior Unit 
Research and Development 
Services 
West Los AngelesVeterans 
Administration Medical 
Center 


11301 Wilshire Blvd 
Los Angeles, CA 90073 


1. Loeb C. Vascular dementia and dementia of 
Alzheimer-type cognition. Arch Neurol. 1989; 
46:839-840. 

2. Soininen H, Puranen M, Riekkinen PJ. Com- 
puted tomography findings in senile dementia and 
normal aging. J Neurol Neurosurg Psychiatry. 
1982;45:50-54. 

3. Albert M, Naeser MA, Levine HL, Garvey 
AJ. CT density numbers in patients with senile 
dementia of the Alzheimer’s type. Arch Neurol. 
1987;41:1264-1269. 

4. American Psychiatric Association. Diagnos- 
tic and Statistical Manual of Mental Disorders, 
Revised Third Edition. Washington, DC: Ameri- 
can Psychiatric Press; 1980. 

5. Hachinski VC, Iliff LD, Zilhka E, et al. Cere- 
bral blood flow in dementia. Arch Neurol. 1975; 
32:632-637. 

6. Ladurner G, Iliff LD, Lechner H. Clinical 
factors associated with dementia in ischaemic 
stroke. J Neurol Neurosurg Psychiatry. 1982;45: 
97-101. 

7. Brown JJ, Hesselink JR, Rothrock JF. MR 
and CT of lacunar infarcts. Am J Radiol. 1988; 
151:367-372. 

8. Rosen WG, Terry RD, Fuld PA, Katzman R, 
Peck A. Pathological verification of ischemic score 
in differentiation of dementia. Ann Neurol. 1980; 
7:486-488. 


The Extensor Toe Reflex 


To the Editor.—The article by Massey 
and Sanders! concerning the accurate 
observations of great painters that the 
extensor toe reflex normally exists in 
infants prior to the time they are able 
to walk is most interesting. It reen- 
forces the admonitions of Walshe, 
quoted in the same issue of the AR- 
CHIVES by Landau,’ that careful obser- 
vations are still basic and cannot be 
replaced by laboratory procedures. But 
observation alone is not adequate. It 
must be coupled with the attempt to 
understand the physiological cause of 
the observed phenomenon, “the se- 
quence of observation and inference.” 

To illustrate this I can add another 
item to the lore of the Babinski reflex. 
In a volume on neurology by Amariah 
Brigham published in 1840, he writes 


Sometimes after entire loss of sensation 
and voluntary motion from disease or in- 
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jury of the spinal cord, the limbs thus 
paralysed, contract on irritating the nerves 
of the extremities, Mr Mayo alludes to this, 
and Mr Grainger relates the following case 
as pathological evidence in support of the 
reflex theory of Dr Hall. 

Case XL—A girl about 15 years of age, 
who was a patient of Mr Crosse at the Nor- 
folk and Norwich Hospital a few years 
since, was affected with angular curvature 
of the spine, producing insensibility and 
paralysis of the lower extremities. On tick- 
ling the soles of her feet [italics by Brigham], 
which, as an experiment was often done, the 
legs were immediately slightly retracted, 
although the patient said she felt nothing; 
it was further remarked, that on touching 
the other parts of the feet or the legs in the 
same manner, no effect was produced. But 
such effects are not always observed after 
injuries of the cord that destroy sensation 
and volition. 

In the New York Alms House, I saw a fe- 
male patient who had been confined there 
nearly a year, with complete insensibility 
and paralysis of the lower extremities, in 
consequence of an injury of the lumbar 
vertebrae. I have repeatedly tried, since 
reading the case just quoted, to produce 
some motion of the limbs by irritating the 
nerves of the feet, but have not been able to 
produce the least motion. Instances of like 
failure were recently adduced by Mr Brere- 
ton, and Dr Whiting, at a meeting of the 
Physical Society of Guy’s Hospital.‘ 


Had these apparently conflicting ob- 
servations stimulated an attempt to 
gain some knowledge of the anatomy 
and physiology of the motor pathways, 
the extensor toe reflex might today be 
known by another name, conferring 
immortality on the curious investiga- 
tor. 

MILTON TARLAU, MD 

Department of Neurology 

New York University 
School of Medicine 


First Avenue and 27th Street 
New York, NY 10016 


1. Massey EW, Sanders L: Babinski’s sign in 
medieval Renaissance, and baroque art. Arch 
Neurol 1989;46:85-88. 

2. Walshe FMR. Quoted by: Landau WM. 
Training of the neurologist for the 21st century. 
Arch Neurol. 1989;46:41-26. 

3. Brigham A. An Inquiry Concerning the Dis- 
eases and Functions of the Brain, the Spinal Cord, 
and the Nerves. New York, NY: George Adlard; 
1840:146-147 

4. London Medical Gazette. April 1838. Cited by 
Brigham A. An Inquiry Concerning the Diseases 
and Functions of the Brain, Spinal Cord, and the 
Nerves. New York, NY: George Adlard; 1840:146- 
147 


Life Before MEDLINE: Myasthenia 
Gravis, Muscular Dystrophy, and 
Myasthenic Myopathy 


To the Editor.—Drs Husain and 
coworkers! described a patient who 
began to have limb weakness in ado- 
lescence. He did not have symptoms 
referable to cranial muscles until 20 
years after onset. Then he had a respi- 
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ratory crisis that was apparently fol- 
lowed by chronic alveolar hypoventi- 
lation. 

As the authors indicate, there was 
no question about the diagnosis of my- 
asthenia gravis in that case. The ana- 
tomic distribution of affected muscles 
and the characteristic decremental re- 
sponse of muscle to repetitive stimu- 
lation of nerves suffice for that diag- 
nosis. Unfortunately, an edrophonium 
test was not done, but the patient did 
respond to oral treatment with neo- 
stigmine and pyridostigmine. There 
were no antibodies to acetylcholine re- 
ceptor, but that is not required for di- 
agnosis. 

The authors concluded that, in addi- 
tion to myasthenia gravis, the patient 
had “limb-girdle muscular dystro- 
phy.” The dual diagnosis was based on 
20 years of weakness limited to limb 
muscles, and what was taken to be 
muscle biopsy evidence of myopathy. 

However, there were some features 
that weaken the diagnosis of a sepa- 
rate myopathy. For instance, tendon 
reflexes were preserved (although 
“depressed”). Serum creatine kinase 
activity was normal. The report of the 
electromyographic findings and the il- 
lustrated muscle biopsy can be taken 
as consistent with, but not necessarily 
diagnostic of, myopathy, and not in- 
consistent with patterns seen in some 
cases of myasthenia gravis. Finally, 
there was no family history to suggest 
that this was an inherited disorder, 
one that would warrant the label 
“muscular dystrophy.” 

The authors concluded that “the as- 
sociation of these two disorders has 
not been reported previously” but, as a 
matter of fact, there have been articles 
about problems of this kind. Those re- 
ports presumably escaped the atten- 
tion of the authors because they were 
published before the start of 
MEDLINE, the reference database of 
the National Library of Medicine. 
Early articles are not listed or re- 
trieved. 

In the older literature, one case of 
this type was deemed to be “myas- 
thenia gravis with features resem- 
bling muscular dystrophy.” One was 
called “congenital myopathy with my- 
asthenic features.”? Some were called 
“familial limb-girdle myasthenia’”* or 
“familial myasthenic myopathy,’ and 
there were questions about “amyotro- 
phy’® or “descending dystrophy.” 
There has also been a problem defining 
polymyositis in patients with myas- 
thenia gravis.* Additional cases have 
been described.''”” 

These cases raise problems of defi- 
nition, including the words “myopa- 
thy” and “muscular dystrophy.” I be- 
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lieve the patient reported by Dr Hu- 
sain and his colleagues had one 
disease, an unusual form of myasthe- 
nia gravis. I do not know how to prove 
that contention because we do not yet 
have DNA or gene-product tests to ex- 
clude the possibility of muscular dys- 
trophy. However, one disease of mus- 
cle seems more likely than two, accord- 
ing to the Oslerian principle of 
parsimony in diagnosis. 

At any rate, there have been other 
cases like this one and there really was 
a world before MEDLINE. 


LEWIS P. ROWLAND, MD 
Neurological Institute 
710 W 168th St 

New York, NY 10032 


1. Husain F, Ryan NJ, Hogan GR. Concurrence 
of limb girdle muscular dystrophy and myasthe- 
nia gravis. Arch Neurol. 1989;46:101-102. 

2. Rowland LP, Eskenazi AN. Myasthenia 
gravis with features resembling muscular dystro- 
phy. Neurology. 1956;6:667-671. 

3. Walton JN, Geschwind N, Simpson JA. Be- 
nign congenital myopathy with myasthenic fea- 
tures. J Neurol Neurosurg Psychiatry. 1956; 
19:224-231. 

4. McQuillen MP. Familial limb-girdle myas- 
thenia. Brain. 1966;89:121-132. 

5. Johns TR, Campa JF, Crowley WJ, et al. Fa- 
milial myasthenic myopathy. Neurology. 1971; 
21:449. 

6. Garcin R, Fardeau M, Godet-Guillain M. A 
clinical and pathological study of a case of alter- 
nating and recurrent extreme ophthalmoplegia 
with amyotrophy of the limbs observed for 45 
years: discussion of the relation of this condition 
to myasthenia gravis. Brain. 1945;88:739-752. 

7. Hausmanowa-Petrusewicz I, Falkiewiczowa 
S, Jedrzejewska H, Kamieniecka Z, Fidianska A. 
Descending dystrophy or advanced myasthenia. 
Schweiz Arch Neurol Neurochir Psychiatr. 1965; 
95:233-245. 

8. Rowland LP, Aranow H Jr, Hoefer PFA. Fa- 
talities in myasthenia gravis: a review of 39 cases 
with 26 autopsies. Newrology. 1956;6:307-326. 

9. Namba T, Brunner NG, Grob D. Idiopathic 
giant cell polymyositis: report of a case and review 
of the syndrome. Arch Neurol. 1974;31:27-30. 

10. Rowland LP, Lisak RL, Schotland DL, de 
Jesus PV, Berg P. Myasthenic myopathy and thy- 
moma. Neurology. 1973;23:282-288. 

11. Rowland LP. Controversies about the treat- 
ment of myasthenia gravis. J Neurol Neurosurg 
Psychiatry. 1980;43:644-659. 

12. Oosterhuis HJGH. Myasthenia Gravis. 
New York, NY: Churchill-Livingstone; 1984. 
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In Reply.—Dr Rowland has brought to 
our attention the articles of Johns et 
al' and McQuillen,? which represent 
problems similar to those seen in our 
patient. In addition, he voices his con- 
cern about terminology. The cases 
cited by Dr Rowland are, however, dif- 
ferent from our patient in a number of 
ways; most of the patients had ocular 
or bulbar signs early and/or episodic 
disease.** In addition, some had condi- 
tions that we now recognize as congen- 
ital myopathy’ or inflammatory 
myopathy.’ 

The patients described by McQuillen 
represent an interesting family with 
early onset of proximal weakness and 
a minimal response to anticholinest- 
erase drugs. Should any neuromuscu- 
lar disease that responds to cholinest- 
erase drugs be called myasthenia 
gravis? Many neuromuscular diseases 
with weakness, including amyotrophic 
lateral sclerosis, respond in some de- 
gree to anticholinesterase drugs. At 
the present time, that does not mean 
that these patients have myasthenia 
gravis. In time, as Dr Rowland points 
out, specific DNA markers may become 
available, which will be able to identify 
disease-specific entities. 

Our patient had a constant, nonre- 
mitting, slowly progressive disease 
that is usually recognized as limb gir- 
dle muscular dystrophy. Late in the 
course of his illness, he developed 
acute respiratory failure with compro- 
mised respiratory function and associ- 
ated bulbar signs. The reluctance to 
make a second diagnosis in this patient 
clearly delayed treatment and appro- 
priate management of his myasthenia 
gravis for years. Efforts to explain all 
manifestations of an illness with a 
single diagnosis is still desirable; how- 
ever, one must recognize the possibil- 
ity that a patient may have two dis- 
eases concurrently. Certainly, with the 
frequency of myasthenia gravis, it is 
not unlikely that the disease will occur 
in patients with a number of long- 


standing problems of different causes. 

We respectfully submit that our pa- 
tient, in fact, has two disease entities. 
We are unable to identify this as a sin- 
gle process. 

The purpose of our report was to 
alert physicians that bulbar failure is 
an unusual complication of limb girdle 
muscular dystrophy in a patient who is 
functioning well in terms of his gen- 
eral strength. We stress the need for 
further investigation when the clinical 
picture is not compatible with the pri- 
mary diagnosis. 

We appreciate Dr Rowland’s inter- 
est in our patient. We have enjoyed re- 
viewing some of the “older” literature 


he brought to our attention. 
FARHAT Husain, MD 
Department of Neurology 


NELL J. RYAN, MD 

GWENDOLYN R. HoGan, MD 

Departments of Neurology 
and Pediatrics 

Louisiana State 
University Medical 
Center 

1501 Kings Highway 

PO Box 33932 

Shreveport, LA 71130-3932 


1. Johns TR, Campa JF, Crowley WJ, Miller JQ. 
Familial myasthenic myopathy. Neurology. 
1971;21:449, 

2. McQuillen MP. Familial limb-girdle myas- 
thenia. Brain. 1966;89:121-132. 

3. Rowland LP, Eskenazi AN. Myasthenia 
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phy. Neurology. 1956;6:667-671. 

4. Garcin R, Fardeau M, Godet-Guillain M. A 
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with amyotrophy of the limbs observed for forty- 
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S, Jedrzejewska H, Kamieniecka Z, Fidianska A. 
Descending dystrophy or advanced myasthenia. 
Schweiz Arch Neurol Neurochir Psychiatr. 
1965;95:233-245. 

6. Walton JN, Geschwind N, Simpson JH. Be- 
nign congenital myopathy with myasthenic fea- 
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19:224-231. 
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Special Article 


The Rational Management of Idiopathic 


Intracranial Hypertension 


James J. Corbett, MD, H. Stanley Thompson, MD 


@ Idiopathic intracranial hypertension is 
a diagnosis most freqently made in young, 
overweight women. The chief hazard to 
the patient is permanent visual loss due to 
chronic papilledema. After the diagnosis 
has been clearly established using lumbar 
puncture and imaging techniques, the neu- 
rologist is involved in helping to lower the 
intracranial pressure, control the head- 
aches, and encourage weight loss. Careful 
vision monitoring is essential and should 
be done in collaboration with an ophthal- 
mologist. Visual fields, fundus photo- 
graphs, intraocular pressure measure- 
ment, and visual acuity should be per- 
formed at each follow-up visit. The use of 
visual evoked response and repeated 
measurement of intracranial pressure by 
lumbar puncture do not provide data that 
help to guide therapeutic decisions. Indi- 
cations for surgery are loss of visual field 
or decline in visual acuity in the fact of 
medical therapy, persistent headache, or 
the inability to perform visual-function 
studies. Optic nerve sheath fenestration 
and lumbar peritoneal shunt both appear 
to be effective surgical means to reduce 
the pressure on the optic disc. A neurolo- 
gist and an ophthalmologist working to- 
gether provide the evidence on which to 
base rational decisions in the care of the 
patient with idiopathic intracranial hyper- 
tension. 

(Arch Neurol. 1989;46: 1049-1051) 
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Uni recently, idiopathic intracra- 
nial hypertension (IIH), also 
known as pseudotumor cerebri and be- 
nign intracranial hypertension, has 
been considered a perplexing, but in- 
nocuous, cause of papilledema. The 
impression seems to have been that, no 
matter how it was treated, it generally 
improved spontaneously without caus- 
ing serious damage.' In the past 12 
years, however, a number of studies 
have shown not only that ITH is an un- 
usually persistent condition,”’ but that 
papilledema due to IIH can seriously 
and permanently damage the vision of 
adults and children.*** Among obese 
women of childbearing years, the inci- 
dence of IIH is relatively high (19/ 
100 000).’ In this age group women are 
affected up to eight times more fre- 
quently than men.’ Idiopathic intra- 
cranial hypertension is a condition in 
which the diagnosis must be estab- 
lished by a neurologist, but the follow- 
up requires the clinical skills of an 
opthalmologist. In the event of visual 
loss, the help of an orbital surgeon may 
be needed. 


EVALUATION 


The diagnosis of IIH must be clearly 
established: (1) The elevation of the 
optic disc must be caused by increased 
intracranial pressure and not by 
pseudopapilledema; the rare patient 
with IIH and no papilledema is not in 
danger of visual loss. (2) Computed to- 
mography or magnetic resonance im- 
aging must be normal. (3) A carefully 
performed lumbar puncture, with the 
patient relaxed and the head and legs 
extended, should show an elevated 
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cerebrospinal fluid (CSF) pressure 
(greater than 250 mm H,0),’ a normal 
or low CSF protein level, a normal CSF 
glucose level, and a normal cell count. 
Ophthalmologic examination at the 
time of diagnosis should include visual 
fields and fundus photographs. Quan- 
titative perimetry includes automated 
static (Humphrey and Octopus) and 
kinetic (Goldmann) techniques. Tan- 
gent screen examination alone is not 
adequate. The appearance of both op- 
tic discs should be documented so that 
they can be carefully studied for 
change at the next visit. 


MANAGEMENT 
Follow-up 


We ask the patient with newly diag- 
nosed IIH to return at least every 
month for 6 to 12 months to make sure 
that no visual field is being lost and to 
allow us to reinforce the message 
about the danger of visual loss and the 
need for weight control. When nothing 
changes or when papilledema recedes, 
the examination intervals are gradu- 
ally extended. The ophthalmologist’s 
follow-up examination should include 
visual fields, measurement of intraoc- 
ular pressure, stereo photographs of 
the optic discs if there has been any 
change in their appearance, visual acu- 
ity checks, contrast sensitivity 
testing,” and screening for a relative 
afferent pupillary defect with the al- 
ternating light test” until the papille- 
dema has regressed. A slight optic dise 
swelling, predominantly on the nasal 
side, frequently remains after the 
papilledema has subsided. 

Repeated lumbar punctures to mea- 
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sure CSF pressure provide only iso- 
lated fragments of information that 
cannot be depended on for therapeutic 
decision making. Continuous monitor- 
ing of CSF pressure with subarachnoid 
bolts, epidural pressure sensors, ven- 
tricular cannulas, or lumbar cannulas 
has provided interesting insights into 
the variability of CSF pressure in 
IIH.” Unfortunately, these techniques 
have not provided an objective decision 
point for the clinician to use when car- 
ing for a patient who is losing vision. 
Furthermore, the intraventricular and 
subarachnoid pressure monitoring 
techniques pose risks for infection that 
increase the longer the device is in 
place. 

Many neurologists use repeated vi- 
sual-evoked potential (VEP) studies to 
follow these patients despite the fact 
that there is little evidence of their 
clinical value.” The VEP is not a sen- 
sitive technique to identify peripheral 
visual field loss, which is the earliest 
and most common visual field distur- 
bance in IIH. The VEP latency mea- 
surements remain normal until there 
is serious damage to the optic disc. At 
that point the hope for visual preser- 
vation or recovery is slim. 

The neurologist who treats a patient 
with IIH should collaborate with an 
ophthalmologist. Most ophthalmolo- 
gists, however, are reluctant to treat 
patients with increased intracranial 
pressure without the help of a neurol- 
ogist. Note that it is the ophthalmolo- 
gist’s careful periodic quantitative vi- 
sual function studies and fundus pho- 
tographs that document the success or 
failure of medical therapy. The deci- 
sion to operate does not depend on the 
frequency of transient visual obscura- 
tions, on the presence of diplopia, on 
the appearance of the optic disc, on the 
VEP, or on the height of the spinal 
fluid pressure. It rests entirely on the 
status of the quantitative visual field 
and visual acuity. 


Medical Treatment 


- Medical treatment usually means 
the use of a carbonic anhydrase inhib- 
itor, like acetazolamide, or a loop di- 
uretic, like furosemide, to depress CSF 
production. Corticosteroids are used 
frequently, but their mechanism of 
action remains unclear and the side 
effects of weight gain, striae, and acne 
are particularly unfortunate for these 
obese patients. Weight loss, under the 
guidance of a dietitian, should be rec- 
ommended for every obese patient who 
is not pregnant; however, failure to 
lose weight is common. Other drugs 
such as glycerol, long-acting thiazide 
diuretics, and digoxin have been tried, 
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but so far no prospective, randomized, 
masked trial of therapy has demon- 
strated that any one drug is clearly 
superior to another or, for that matter, 
that any medication is truly effective 
in relieving papilledema. When the 
patient has no symptoms such as head- 
ache, transient visual obscurations, 
diplopia, or visual loss, no treatment is 
needed. 

Repeated lumbar punctures have 
been recommended as a way of lower- 
ing the intracranial pressure,' but they 
are painful, and they often become 
progressively more difficult to per- 
form, and they may have long-term 
complications.’ Repeated spinal taps 
may produce persistent CSF drainage 
and thus act as a primitive “lumbar- 
thecal drain.” The effectiveness of re- 
peated lumbar puncture as a sole 
treatment method has never been 
studied prospectively. 

The headaches these patients have 
can sometimes improve after a single 
spinal tap, but they may remain as a 
major management problem even af- 
ter medications have been given to re- 
duce edema and CSF production. We 
have reasonably good success treating 
these patients with standard prophy- 
lactic vascular headache remedies. It 
is rare that repeated lumbar puncture 
is indicated as a treatment for head- 
ache; IIH patients are not immune to 
post-lumbar puncture headache. To 
treat a stubborn headache with a lum- 
bar-peritoneal shunt is sometimes just 
trading one set of problems for an- 
other. 


Surgical Treatment 


Subtemporal decompression is still 
occasionally used. It is a procedure 
complicated at times by seizures or 
stroke, and has largely been replaced 
by lumbar peritoneal shunt that, de- 
spite its many complications and fre- 
quent reoperations, is still the most 
widely used surgical technique for the 
management of ITH. 

A group of reports in the October 
1988 issue of the Archives of Ophthal- 
mology from three separate institu- 
tions, Wayne State University (De- 
troit, Mich), Wills Eye Hospital (Phil- 
adelphia, PA), and the University of 
Iowa (lowa City), now provide infor- 
mation about another surgical ap- 
proach, optic nerve sheath 
fenestration. This procedure was 
actually the first operation used to 
treat papilledema.”® The animal work 
on which the modern procedure is 
based was reported by Hayreh in 
1964.” The operation consists of open- 
ing a window or a series of slits in the 
optic nerve sheath just behind the 


globe. The three 1988 reports of this 
operative technique used on 57 pa- 
tients give remarkably similar re- 
sults.’*'* Postoperative visual acuity or 
fields were as good as or better than 
preoperative studies in 85% to 100% of 
patients. Of the 33 patients who had 
the operation on only one eye, disc 
swelling improved in both eyes in 24 
patients (73% ),™! suggesting that the 
sheath fenestration serves as a chronic 
CSF filter into the orbit in much the 
same way that a glaucoma procedure 
allows the aqueous to seep out of the 
eye. Two thirds of the patients who had 
headache experienced relief with this 
orbital procedure. In a series of 79 op- 
erations on 57 patients, only 3 reoper- 
ations were needed. Thus, optic nerve 
sheath fenestration appears to provide 
a safe and effective alternative form of 
surgical management for vision- 
threatening papilledema. 


Indications for Surgery 


From the standpoint of visual func- 
tion the indications for an operation 
are (1) recent visual field loss, (2) pro- 
gressive visual field loss in a preexist- 
ing visual field defect, or (3) a reduc- 
tion in visual acuity not due to macu- 
lar edema. 

From the general medical stand- 
point, indications for an operation in- 
clude severe headache that does not 
respond to standard medication or to 
lumbar puncture. Another medical in- 
dication for surgery is the anticipation 
of a treatment likely to cause hypoten- 
sion, such as hemodialysis or the phar- 
macologic management of systemic 
hypertension. A full head of blood 
pressure is needed to perfuse a swollen 
optic nerve head, and hypotension can 
cause blinding ischemic damage to the 
swollen optic disc. Psychosocial rea- 
sons can also constitute legitimate in- 
dications for surgical treatment. 
When the patient is not likely to com- 
ply with the recommended medica- 
tions or cannot cooperate to do visual 
field testing, or when the patient’s 
life-style is itinerant and follow-up 
would be a problem, then early surgery 
should be considered. 


COMMENT 


In general, the patient with ITH feels 
fine and frequently does not under- 
stand what all the hullabaloo is about. 
After establishing the diagnosis 
firmly, the neurologist needs to make 
sure that the patient understands the 
potential risks to vision and the im- 
portance of careful follow-up. If visual 
loss occurs then the neurologist to- 
gether with the ophthalmologist must 
decide whether surgical intervention 


Intracranial Hypertension—Corbett & Thompson 





-m 


is advisable. The reintroduction of op- 
tic nerve sheath fenestration has con- 
siderably widened and improved the 
surgical options, and is the preferred 
procedure. 

Neurologists often follow-up these 
patients with the wrong tests. The 
VEP and visual acuity are relatively 
insensitive means to pick up a gradual 
loss of peripheral field, and lumbar 
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puncture is no help. These patients 
need careful quantitative perimetry, 
fundus photographs, and measure- 
ment of intraocular pressure and pup- 
illomotor input, all standard oph- 
thalmic tools. By the time patients 
start to complain about their vision it 
is often too late to save it. In order to 
identify early and potentially revers- 
ible visual loss, both neurologists and 
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ophthalmologists must change their 
approach and share diagnostic follow- 
up and treatment plans. 
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Original Contributions 


DATATOP: A Multicenter Controlled Clinica] Tria] 
in Karly Parkinson’s Disease 


Parkinson Study Group 


@ DATATOP (Deprenyl and tocopherol 
antioxidative therapy of parkinsonism) is a 
placebo-controlled clinical trial designed 
to test the hypothesis that long-term treat- 
ment of patients with early Parkinson’s 
disease with deprenyl 10 mg/d and/or to- 
copherol (vitamin E) 2000 IU/d will extend 
the time until disability requires therapy 
with levodopa (primary end point). At 28 
US and Canadian sites, 800 eligible pa- 
tients in the early stages of untreated 
Parkinson’s disease were enrolled in 
DATATOP and randomized to (1) active 
deprenyl, (2) active tocopherol, (3) active 
deprenyl and tocopherol, or (4) placebo 
treatments. Subjects are being evaluated 
systematically at regular intervals over 2 
years to determine if and when the primary 
end point of disability is attained. At base- 
line evaluation, our cohort represented 
minimally disabled patients with Parkin- 
son’s disease who did not require symp- 
tomatic anti-Parkinson’s disease medica- 
tions. Despite an almost 2:1 representa- 
tion of male-female subjects, no selection 
biases were identified that might con- 
found the primary end-point analysis. This 
large DATATOP cohort is expected to pro- 
vide a high likelihood (power) for detecting 
significant treatment effects, if indeed 
they exist. 

(Arch Neurol. 1989;46: 1052-1060) 


DATATOP (Deprenyl and toco- 

pherol antioxidative therapy of 
parkinsonism) is a controlled clinical 
trial, organized and conducted by the 
Parkinson Study Group (PSG), and 
sponsored by the National Institute of 
Neurological Diseases and Stroke, Be- 
thesda, Md. This article describes 
DATATOP, including the following: 
(1) rationale, planning, and design of 
the trial; (2) recruitment and enroll- 
ment of eligible patients; and (3) base- 
line demographic and clinical charac- 
teristics of our subjects. More general 
reviews of the DATATOP trial have 
been published or are in press. 
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SCIENTIFIC RATIONALE 


Clinical decline in Parkinson’s dis- 
ease (PD), notwithstanding the symp- 
tomatic effects of dopaminergic thera- 
pies, results largely from progressive 
degeneration of nigrostriatal neu- 
rons.*° While the etiology of PD re- 
mains unknown and is likely multifac- 
torial, the pathogenesis of nigral de- 
generation in PD has been linked 
increasingly to oxidative-mediated 
mechanisms of intrinsic and environ- 
mental origins. As nigral neurons and 
dopamine content decline normally 
with age and pathologically in PD, re- 
maining neurons compensate by in- 
creasing the production and release of 
dopamine.’* In turn, deamination of 
dopamine by increased monoamine 
oxidase’! may result in increased for- 
mation of hydrogen peroxide and other 
potentially toxic byproducts such as 
hydroxyl radicals, superoxide, 6-hy- 
droxydopamine, and quinones.» In- 
creased lipid peroxidation" and oxi- 
dized iron" have recently been ob- 
served in the postmortem PD brain, 
suggesting that heightened oxidative 
activity accompanies the neurodegen- 
erative process. Depletion of free-rad- 
ical scavenger enzymes may contrib- 
ute further to the intrinsic vulnerabil- 
ities underlying oxidative-mediated 
nigral degeneration.'*!8 

Environmental factors may add to 
endogenous oxidative stress and pre- 
dispose to nigral failure and death. 
Protoxins, such as 1-methy]-4-pheny]- 
1,2,5,6-tetrahydropyridine (MPTP), 
are transformed by monoamine oxi- 
dase to toxic derivatives that disrupt 
the function of nigral neurons?” and 
result in clinical and pathologic fea- 
tures of parkinsonism.”!?? Vulnerabil- 
ity to MPTP is heightened in aged 
experimental animals.”?* When oxida- 
tive biotransformation of MPTP in 
nonhuman primates and other experi- 
mental animals is blocked by monoam- 
ine oxidase B-type inhibitors, nigral 
toxicity and parkinsonism are 
prevented.**”’ A variety of other envi- 
ronmental factors have been impli- 
cated in the genesis of PD.” Taken to- 
gether, these observations form the 
basis for antioxidative protective 


strategies in PD aimed at slowing ni- 
gral degeneration and clinical decline 
of PD through blockade of monoamine 
oxidase and/or trapping of free radi- 
cals. 

Depreny] (selegiline, phenylisopro- 
pylmethylpropynylamine) is a mono- 
amine oxidase B-type inhibitor, which 
in man is relatively devoid of pressor 
(“cheese”) effects when administered 
at low dosage of 10 mg/d.” a-Toco- 
pherol is a biologically active compo- 
nent of vitamin E that attenuates the 
effects of lipid peroxidation by quench- 
ing hydroxy] radicals.*!“2 To the extent 
that monoamine oxidase B-mediated 
activity and free radical formation 
contribute to the pathogenesis of ni- 
gral degeneration, deprenyl and toco- 
pherol (vitamin E), through different 
but complementary antioxidative 
mechanisms, may be expected to slow 
the clinical decline of PD. While nei- 
ther depreny] nor tocopherol is known 
to exert symptomatic effects in other- 
wise untreated patients with PD,” 
uncontrolled studies suggest that 
these therapies may postpone develop- 
ment and disability of PD* and pos- 
sibly extend the life span of patients 
with PD. 


BACKGROUND AND PLANNING 


As the scientific and clinical ratio- 
nale for antioxidative therapies of PD 
was unfolding, a formal meeting of 
clinical investigators, biostatisticians, 
and neuroscientists was convened in 
Rochester, NY, June 28 through 29, 
1985, to consider prospects for a con- 
trolled clinical trial. Subsequently, 
seven additional planning meetings 
were conducted in workshop format to 
maximize the interchange of ideas 
among participants. The PSG and the 
DATATOP Steering Committee were 
established in 1985 to serve the orga- 
nizational needs of the participating 
investigators and institutions. A grant 
application was submitted to the Na- 
tional Institutes of Health, Bethesda, 
Md, in 1986 to conduct the proposed 
DATATOP trial, and funding was be- 
gun by the National Institute of Neu- 
rological Diseases and Stroke on April 
1, 1987. 

The planning effort for DATATOP 
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Fig 1.—Time line of DATATOP (deprenyl and tocopherol antioxidative therapy of parkinsonism) 
protocol illustrating examples of ‘‘surviving’’ and “‘endpointing’’ subjects. Randomization occurs 
at baseline (00) evaluation, and treatment with experimental medication is started 7 days later and 
adjusted to maintenance dosage within 6 days. Washout of experimental medications occurs be- 
tween 09 (24 months) and final (25 months) evaluations for surviving subjects or between end point 


(EP) and final evaluations for subjects who reach EP before 24 months. 


has involved the concerted and coop- 
erative efforts of more than 40 clinical 
investigators and 25 consultants pro- 
viding expertise from the fields of bio- 
statistics, epidemiology, pharmacol- 
ogy, physiology, and cellular and mo- 
lecular neurobiology. During the 
planning phases of DATATOP, the 
PSG also initiated several pilot studies 
to help guide the design of the trial. 
The final protocol was reviewed by all 
investigators, and a model consent 
form was prepared and modified to 
meet the local requirements of partic- 
ipating institutional review boards. 


DESIGN 


DATATOP was designed as a 2 X 2 fac- 
torial, double-blind, placebo-controlled 
multicenter clinical trial to determine if 
depreny! 10 mg/d and/or tocopherol 2000 
IU/d, administered to otherwise untreated 
patients with early PD, will prolong the 
time until levodopa therapy is judged nec- 
essary to treat emerging disability. A 2- 
year period of observation includes a 
screening evaluation, a baseline inpatient 
evaluation, randomized assignment to ex- 
perimental treatments, follow-up evalua- 
tions at approximately 3-month intervals, 
washout of experimental medications, and 
a final inpatient evaluation (Fig 1). 


Response Variables 


In operational terms, the primary re- 
sponse variable or end point for DATATOP 
was defined as the time from randomization 
until sufficient disability develops to re- 
quire levodopa. This quantifiable end point 
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is readily enumerated to precision in days. 
Survival analysis is applicable to subjects 
who reach end point during the period of 
observation and to those subjects who with- 
draw from the study (censored) before the 
planned conclusion of the trial.“ The pri- 
mary end point is also relevant to the care 
of patients with PD since the decision to 
begin levodopa therapy is a common mile- 
stone of illness that is largely dependent on 
the functional capacity or performance of 
the individual patient.” 

Although functional disability is widely 
accepted as a hallmark of clinical progres- 
sion, the operational definition of sufficient 
PD disability to warrant levodopa was ex- 
pected to vary considerably among clini- 
cians when applied to individual patients 
and their social settings. From a survey 
among members of the PSG, hierarchical 
considerations were assessed in judging the 
extent of PD disability requiring levodopa 
therapy. Clinical investigators (N=12) were 
asked to rank the various conditions that 
would prompt the initiation of levodopa 
therapy in the context of the DATATOP 
trial. In order of priority, the following 
were found to be the major considerations: 
(1) threat to employability; (2) threat to 
management of domestic or financial af- 
fairs: (3) an appreciable decline in the mean 
(+SD) Schwab/England Activities of 
Daily Living Scale* (16% + 11.9% U, for 
N=12 respondents); and (4) an appreciable 
worsening of gait score on the Unified PD 
Rating Scale“ (decline of 1.6 + 0.7 U). 
While these correlates of disability serve as 
important guidelines in judging PD disabil- 
ity and the need for levodopa therapy, the 
decision regarding the primary end point in 
DATATOP, as in clinical practice, remains 
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a global and necessarily subjective clinical 
judgment. The validity of the end-point de- 
cision in DATATOP, therefore, derives pri- 
marily from the blindness of treatment as- 
signment and objectivity of clinical assess- 
ment. 

A variety of secondary response vari- 
ables, including the following, are being 
measured prospectively in subjects enrolled 
in DATATOP: (1) functional assessment: the 
Schwab/England Activities of Daily Living 
Scale,” modified Hoehn/Yahr staging,“* 
and an abbreviated version of the Hunting- 
ton’s Disease Functional Rating Scale*; (2) 
motor assessment: Unified PD Rating Scale,” 
the Step-Second Test,” the Purdue Peg- 
board Test, and standardized videotaped 
documentation of motor performance; (3) 
cognitive assessment: Mini-Mental State 
Test,” Digit Span Test from the Wechsler 
Adult Intelligence Scale,” Symbol Digit 
Test,’ Selective Reminding Test, “Odd 
Man Out” Test,? “Spot-the-Dot” task,” 
and the Controlled Word Association task*; 
and (4) psychiatric assessment: the Hamilton 
Depression Scale*® and components of the 
SCID-Hamilton Schedule for Psychiatric 
Interviews.’ 


Subjects and Eligibility Criteria 


Eligible subjects for DATATOP included 
only those who were judged by the investi- 
gator to have early PD (stage 1 and 2) and 
who were not receiving or requiring any 
anti-PD medications. These stringent in- 
clusion criteria were adopted to increase 
the likelihood of detecting therapeutic ef- 
fects as early as possible in PD and to min- 
imize the confounding effects of symp- 
tomatic antiparkinsonian medications. 
Detailed inclusion and exclusion criteria 
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2. Ages 30-79 y, either sex 


ulfiram (within past 6 wk) 


. Antilipemic medications (within past 2 wk) 


generation, olivopontocerebellar atrophy) 
11. History of stereotaxic brain surgery 


screening examination 


14. Unstable medical or psychiatric problems 


Inclusions 
1. Idiopathic PD in stages 1 or 2** and duration of illness <5 y 


3. Neither taking nor requiring any anti-PD medications 
Exclusions 
1. Levodopa or other dopamine agonist medications (within past 3 mo) 


2. Amantadine hydrochloride, anticholinergics, antidepressants, antihistamines, sedatives, hypnot- 
ics, B-blockers as antitremor agents, metoclopramide hydrochloride, methyldopa, reserpine, dis- 


. Antipsychotic neuroleptics (within past 6 mo) 


3 
4 
5. Supplementation in excess of a daily multivitamin (One-A-Day) (within past month) 
6. Any prior treatment with deprenyl or with vitamin E at dosage exceeding 2000 IU/d for 1 mo 
7. Warfarin therapy or other vitamin K-deficiency states 
8. Resting tremor of severe intensity as determined by tremor score >3* 
9. Symptomatic (secondary) parkinsonism (eg, drug induced) 
10. Atypical parkinsonian variants (eg, progressive supranuclear palsy, Shy-Drager, striatonigral de- 


12. Significant dementia (Mini-Mental State score <22*9) or depression (Hamilton score > 165°) at 


13. Women who have the potential to become pregnant during the trial 




















*DATATOP indicates deprenyl and tocopherol antioxidative therapy of parkinsonism; PD, Parkinson’s disease. 


for subject eligibility are summarized in 
Table 1. 


Factorial Design 


Since deprenyl and tocopherol are 
thought to exert antioxidative effects 
through separate but complementary ac- 
tions, examination of individual and com- 
bined interventions was very appealing. A 
2 X 2 factorial design is an innovative and 
increasingly used approach for treatment 
allocation that assesses two potential in- 
terventions using approximately the same 
effort and statistical power required to ex- 
amine a single intervention.“ As applied to 
DATATOP, eligible subjects have been al- 
located in equal distribution by randomiza- 
tion to one of four treatment groups: (1) ac- 
tive deprenyl and placebo tocopherol; (2) 
placebo depreny! and active tocopherol; (3) 
active depreny! and active tocopherol; and 
(4) placebo deprenyl and placebo tocoph- 
erol. 

Since the primary response variable for 
DATATOP is subjective and operator de- 
pendent, the judgment regarding PD dis- 
ability and levodopa therapy may vary con- 
siderably among investigators. Random- 
ization to experimental therapies in 
DATATOP has therefore been stratified or 
blocked so that each investigator is as- 
signed approximately equal numbers of 
subjects among the four treatment groups. 
It is expected that the variance within an 
individual investigator’s blinded decision 
regarding end point will be minimal and 
uniform among his or her assigned sub- 
jects. 


Blindness 


The operator-dependent nature of our 
primary response variable has prompted 
rigorous measures to protect the blindness 
of randomized treatment assignments. Sev- 
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eral studies have not detected short-term 
symptomatic effects of deprenyl or toco- 
pherol in small groups of patients with 
early PD who are not receiving levodopa or 
other dopaminergic drugs.*** It is thus un- 
likely that symptomatic effects, if they oc- 
cur, will be of sufficient magnitude to com- 
promise blindness of treatment assign- 
ment. Since deprenyl and tocopherol at 
dosages administered in DATATOP are 
nearly devoid of clinical and laboratory ad- 
verse effects, it is unlikely that adverse ex- 
periences would compromise blindness. We 
have also devised a data form, modified 
from a recently published version,” by 
which subjects, investigators, and study 
coordinators provide their individual 
guesses of specific treatment assignments. 
These data will help assess blindness or the 
extent to which guesses regarding experi- 
mental medications accord with actual 
treatment assignments. 


Sample Size (Power) Estimate 


Based on a survey study of 100 consecu- 
tive patients with early PD, most of whom 
were receiving amantadine hydrochloride 
and anticholinergic medications, approxi- 
mately 75% of patients had sufficient dis- 
ability develop within 2 years of follow-up 
that warranted levodopa therapy.” In pa- 
tients with early PD not receiving any an- 
tiparkinsonian medications, it would be 
reasonably expected that approximately 
85% would require levodopa therapy within 
2 years of follow-up or that 15% would 
“survive” during this period of observation. 

In predicting the primary response out- 
come for DATATOP, we estimated that 
about 15% of placebo-treated subjects and 
25% of deprenyl- and/or tocopherol- 
treated subjects will not require levodopa 
therapy within 2 years, a survival differ- 
ence of 10% between placebo and experi- 


Placebo vs Treatment: 
--- 15% vs 25% 

15% vs 30% 

— 15% vs 35% 


Power 





O 200 400 600 800 1000 1200 
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Fig 2.—Power curves for survival differences 
between placebo and experimental treatment 
over 2 years of observation. 


mental treatments. Based on a two-sided 
test of significance at a level of a = .05, a 
total sample size of 800 subjects would pro- 
vide approximately 0.95 likelihood (power) 
to detect a 10% survival difference.“ At the 
same power, greater survival differences 
can be detected with fewer subjects (Fig 2). 

These power calculations do not consider 
the estimated (1) 10% of subjects expected 
to terminate from the study before reach- 
ing end point or 24 months and (2) 0% to 
30% of “nonresponders” or subjects ex- 
pected to drop in to a treatment group by 
obtaining active medication from other 
sources, drop out of the treatment group by 
not taking the assigned active medication, 
and subjects misdiagnosed and be wrongly 
enrolled in the study. Depending on various 
degrees of optimism and pessimism regard- 
ing end points, terminations, and nonre- 
sponders, overall power of the study to de- 
tect a 10%survival difference may vary 
from 0.95 to 0.53. 


Statistical Analysis 


The primary response variable for 
DATATOP will be analyzed by survival 
methods that consider varying lengths of 
follow-up for subjects who reach end point 
and for censored subjects who terminate 
participation in the trial before end point 
determination."*? A stratified log-rank 
test® will be performed first for each of the 
two main treatment effects (deprenyl vs 
deprenyl placebo and tocopherol vs to- 
copherol placebo), and then to assess inter- 
action between active treatments. Since 
randomization is blocked according to indi- 
vidual investigator, stratified and unstrat- 
ified tests should give similar results. The 
stratified test will have greater power in the 
event that differences are found to exist 
among investigators in their criteria for 
reaching end point. A detailed covariate 
analysis will also be performed on baseline 
clinical variables that might be expected to 
have prognostic influence (eg, age, Hoehn/ 
Yahr and Schwab/England ratings) with 
respect to the primary response variable. 


Compliance 


Periodic assessment of compliance with 
experimental medications is carried out at 
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baseline and follow-up evaluations by 
counting of unused doses returned by sub- 
jects, determination of serum tocopherol 
concentration,” and detection of urine am- 
phetamine and methamphetamine con- 
centrations.” 

All subjects wishing to take a daily mul- 
tivitamin are provided with a vitamin for- 
mulation (One-A-Day) that contains vita- 
min E, 30 IU, about three times the recom- 
mended daily allowance of vitamin E but 
little in comparison with 2000 IU/d of 
active tocopherol treatment. Therefore, se- 
rum tocopherol levels among DATATOP 
subjects are expected to differentiate be- 
tween subjects assigned to tocopherol pla- 
cebo (receiving only supplemental vitamin 
E 30 IU) and those assigned to active treat- 
ment (receiving tocopherol 2000 IU and vi- 
tamin E 30 IU). Compliance with tocopherol 
can therefore be examined by analyzing the 
concordance between actual randomized 
assignment and distributed concentrations 
of serum tocopherol. 

Deprenyl is metabolized to the L-isomers 
of amphetamine and methamphetamine, 
but the antiparkinsonian effect of deprenyl 
in levodopa-treated patients with PD does 
not seem to be related to amphetaminelike 
effects.**’ However, the presence of am- 
phetamine and methamphetamine in urine 
samples from DATATOP subjects will 
serve as a pharmacologic marker of recent 
compliance for those allocated to active de- 
prenyl treatment as well as those “drop ins” 
who might take depreny! outside of proto- 
col assignment. 


Clinical and Neurochemical Correlates 


Depreny! and tocopherol have the poten- 
tial to produce symptomatic effects by ame- 
liorating clinical features of PD and pro- 
tective effects by slowing the underlying 
neuropathologic process. The DATATOP 
protocol (Fig 1) includes (1) an evaluation 1 
month after beginning experimental medi- 
cations to assess “wash-in” effects for com- 
parison to the baseline evaluation and (2) a 
final evaluation 1 month after end-point 
evaluation or after 24 months of follow-up 
to assess “wash-out” effects. Similar anal- 
yses to help detect potential symptomatic 
effects of experimental treatments can also 
be carried out using the variety of second- 
ary response variables that are being as- 
sessed prospectively. 

To further distinguish between symp- 
tomatic and protective effects, cerebrospi- 
nal fluid is obtained by a standardized lum- 
bar puncture protocol at baseline (before 
beginning treatment with experimental 
medications) and final evaluations (1 month 
after washout of medications) for analysis 
of homovanillic acid, the major metabolite 
of dopamine.” By 1 month after discontinu- 
ing deprenyl and tocopherol treatment, the 
central nervous system should be largely 
cleared of these parent compounds and ac- 
tive derivatives. The degree to which ex- 
perimental treatments prevent a decline in 
cerebrospinal fluid homovanillic acid values 
between baseline and final evaluations 
should provide an independent index of 
protective therapeutic effects. 

Clinical data comparing differences be- 


Arch Neurol—Vol 46, October 1989 


an = 


tween the final evaluation (1 month after 
washout of experimental drugs) and pre- 
ceding evaluations (eg, baseline, follow-up 
evaluations, end point) will be analyzed 
among the four treatment groups to help 
assess the relative contributions of poten- 
tial symptomatic and protective effects. 
The cerebrospinal fluid homovanillic acid 
data will be similarly compared, but these 
analyses are complex since data will be 
available only at baseline and final evalua- 
tions, and linearity may need to be assumed 
or interpolated in a proportional hazards 
model.“ ' 

At conclusion of the study, the large 
number of secondary response variables 
will be analyzed to (1) assess their stability 
and reproducibility over time, (2) charac- 
terize the natural history of early PD, and 
(3) assess the correlative effects of the 
therapeutic interventions. 


Quality Control 


A variety of quality control measures 
have been incorporated into DATATOP to 
safeguard the reliability of data collection, 
blindness of assessment, accuracy and com- 
pleteness of the database, and monitoring 
of adversity and efficacy of experimental 
treatments. Each participating center and 
investigator is visited periodically by the 
principal investigator, coprincipal investi- 
gator, project manager, or chief study co- 
ordinator. Protocol adherence, data form 
completion, and videotapes are reviewed, 
particularly for subjects who have been 
judged to reach end point. 

All data for the trial are entered on stan- 
dardized forms, and copies are sent to the 
Coordination and Data Center in Roches- 
ter, NY, where entries are made into a re- 
lational database following a series of val- 
idation checks. Investigators and study co- 
ordinators are regularly kept informed of 
incompleteness, inaccuracies, or inconsis- 
tencies in data. 

The investigational unit of the Strong 
Memorial Hospital Pharmacy (Rochester, 
NY) is responsible for a variety of quality 
control measures relating to the following: 
(1) accurate and timely inventory, packag- 
ing, and distribution of experimental 
medications”; (2) assay of experimental 
medications for activity, stability, and 
comparability; and (3) maintenance of good 
pharmacy practices at the central phar- 
macy and participating sites. 

An independent Safety Monitoring Com- 
mittee for DATATOP convenes frequently 
to check the database for potential adverse 
or beneficial effects attributable to experi- 
mental treatments. A relatively low thresh- 
old has been established for declaring 
treatment-related adverse effects. Even a 
single, life-threatening event (eg, aplastic 
anemia) may raise serious concern, while 
other severe adverse effects more common 
in the age group (eg, myocardial and cere- 
bral infarctions) should attain a treatment- 
related probability level of .05 before 
prompting more detailed investigation. The 
efficacy of experimental treatments as mea- 
sured by the occurrence of end points 
among coded treatment groups is likewise 
monitored at specified intervals, but a rel- 
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atively high level of significance (P < .001 
for the primary analyses and P < .0005 for 
interactions) must be attained before trig- 
gering possible disclosure and premature 
termination of the trial. An independent 
National Institute of Neurological Diseases 
and Stroke Clinical Trials Monitoring Com- 
mittee anda DATATOP Scientific Advisory 
Committee carry out oversight review of 
the progress of DATATOP. 


RECRUITMENT 


The DATATOP project began on 
April 1, 1987. Personnel and operations 
at the coordination, biostatistics, and 
pharmacy centers in Rochester, NY, 
were rapidly put into place to address 
details of the final protocol, establish a 
computerized database and random- 
ization module, and oversee all aspects 
of experimental drug acquisition, in- 
ventory, packaging, and distribution. 
Study coordinators were hired at each 
of the 28 participating sites in the 
United States and Canada to work 
with the 34 participating investiga- 
tors in recruitment of subjects and 
conduct of the study. In June 1987, all 
DATATOP investigators and coordi- 
nators participated in a 3-day orienta- 
tion meeting in Rochester, NY to (1) 
formally launch the recruitment of 
subjects, (2) review the protocol, oper- 
ations manual, data forms, surveil- 
lance laboratory, and safety monitor- 
ing procedures, and (8) clarify methods 
and criteria for assessing the primary 
and secondary response variables. 

Recruitment of eligible DATATOP 
subjects was carried out at several 
levels involving the following: (1) an- 
nouncement of the study through med- 
ical and scientific journals”; PD lay 
organization newsletters, and local 
and national newspapers, radio, and 
television; (2) preparation and wide 
distribution of a DATATOP informa- 
tional brochure describing the trial; (3) 
preparation of a slide show for use by 
investigators at national and local lev- 
els; (4) establishment of a central toll- 
free number for information and re- 
ferral; and (5) direct mailings to phy- 
sicians for solicitation of potential 
subjects. 

The initial phases of screening po- 
tential subjects involved brief, 
scripted telephone interviews with 
callers and completion of an intake 
data form for those patients who were 
considered to be possibly interested 
and eligible for the trial. As of Novem- 
ber 15, 1988, when enrollment for 
DATATOP was closed, 6146 total in- 
quiries had been received, including 
2424 patient telephone interviews 
(39.4% of total) representing poten- 
tially eligible subjects for whom data 
were logged on the intake form. The 
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continue treatment 


ability to discontinue treatment 


1.7 Other reasons 





Age, y* 

Sex, M/F 

Mini-Mental State score*?* + 
Hamilton Depression score®®* + 






*Values are mean + SD. 


Table 2.—Most Important Reasons for Investigator-Determined Ineligibility 
(Total Patients, N=57 1) 


Use of levodopa or dopamine agonist within past 3 mo and unwillingness or inability to dis- 


22.8 Use of other antiparkinsonian or exclusionary drugs in past 6 wk and unwillingness or in- 


14.2 Duration of PD* >5 years 
6.9 Unstable medical problems 
4.1 Age < 30yor>79y 
3.5 Atypical parkinsonian variants or prior stereotaxic brain surgery 
1.6 Use of antipsychotic neuroleptics in past 6 mo 
0.9 Prior treatment with deprenyl or other MAO* inhibitors 
0.3 Vitamin E 2000 IU/d for > 1 mo 


Table 4.—Comparison of Randomized and Nonrandomized Eligible Patients at 
Baseline Screening Evaluation 


Randomized 
(N= 800) 
61.1 + 9.6 61.6 + 10.5 
530/270 
28.8 + 1.7 
















Reason 

















* PD indicates Parkinson's disease; MAO, monoamine oxidase. 










Nonrandomized 
(N= 84) 






54/30 
28.4 + 2.5 (n=75) 
4.0 + 4.1 (n=74) 














tPossible scores ranged from 30 (maximum) to O (minimum) and were not significantly different between 


groups. 


Possible scores ranged from O (minimum) to 56 (maximum): P < .01 for non-paired ¢ test. 


2424 intakes included 1553 men 
(64.1% ) and 871 women (35.9% ). The 
primary referral sources for the 2424 
inquiries were 56.9% through the news 
media, 27.2% through physicians, and 
15.9% through a variety of other re- 
ferrals. Of the 2424 intakes, 935 
(38.6%) were excluded subsequently 
from further screening: 571 owing to 
investigator-determined ineligibility 
(Table 2), 289 owing to patient-deter- 
mined self-exclusion or disinterest 
(Table 3), and 75 owing to other or un- 
known reasons. The remaining 1489 
intakes were believed to qualify for 
further screening, but only 1004 of 
these callers actually scheduled a 
screening evaluation. 

Screening evaluations were con- 
ducted by DATATOP investigators at 
participating sites and involved inter- 
view, examination, a detailed review 
of all eligibility criteria, surveillance 
blood and urine laboratory tests, and a 
standard electrocardiogram. Of the 
1004 patients who were examined per- 
sonally by investigators, 884 were 
judged to be eligible for the study; 800 
(90.5% ) were enrolled in DATATOP, 
and 84 (9.5% ) decided against partici- 
pation owing to a variety of patient- 
determined reasons: 63.3% declined to 
provide a reason, 21.1% cited unwill- 
ingness to delay symptomatic therapy, 
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and 15.6% indicated a variety of rea- 
sons, including lumbar puncture re- 
quirement, advice from physician or 
family, and stringencies of protocol, 
travel, and hospitalization. We could 
not identify any investigator sources 
of bias that might have distinguished 
enrolled from nonenrolled eligible pa- 
tients. The 800 enrolled subjects and 84 
nonenrolled but eligible patients are 
compared in Table 4 with respect to 
age, sex, and test scores at the time of 
the screening evaluation. No major 
differences were found between these 
patient groups. Although nonrandom- 
ized patients were more impaired 
(P < .01) on baseline depression rat- 
ings, scores were at the minimal end of 
impairment (floor effect), and differ- 
ences were not considered to be of any 
clinical consequence. 

Among the group of 800 randomized 
subjects, 302 individuals (37.8%) dis- 
continued treatment with a total of 370 
exclusionary medications to meet eli- 
gibility criteria. Treatment with the 
following medication was discontin- 
ued: levodopa, 104 (13.0% of total 
cohort); amantadine hydrochloride, 73 
(9.1%); anticholinergies, 64 (8.0%); 
multivitamin supplements, 55 (6.9% ); 
benzodiazepines, 29 (3.6% ); 8-blockers 
used for antitremor effects, 13 (16.5% ); 
antidepressants, 12 (1.5% ); bromocrip- 





Table 3.—Most Important Reasons 
for Self-Exclusion or Disinterest 
(Total Patients, N=289) 











Reasons 


Unwillingness to delay 
symptomatic therapy for PD * 









20.1 Refusal to give reason or 
missing data 
15.5 Other reasons 
12.5 Travel requirements of protocol 
5.9 Placebo control 






Lumbar puncture requirement 
2-year duration of follow-up 






* PD indicates Parkinson’s disease. 


tine mesylate, 4 (0.5% ); and other ex- 
clusionary drugs, 16 (2.0%). 


ENROLLMENT AND FOLLOW-UP 


Between September 3, 1987 and No- 
vember 15, 1988, 800 eligible subjects 
were enrolled in DATATOP after com- 
pleting baseline evaluations (Fig 3). 
Enrollment of subjects was completed 
4 months earlier than our most opti- 
mistic projections and almost 10 
months earlier than our most pessi- 
mistic estimates. Thirteen investiga- 
tors each enrolled between 21 and 44 
subjects, 18 investigators each en- 
rolled 20 subjects, and 3 investigators 
each enrolled 19 subjects. 

Randomized treatment assignment 
was accomplished by a telephone call 
from the site investigator or coordina- 
tor tothe DATATOP Coordination and 
Data Center. The computerized ran- 
domization module was accessed by 
designated staff members who re- 
checked eligibility criteria before pro- 
viding the caller with a unique subject 
identification code corresponding to a 
blinded treatment assignment. 

To minimize confusing potential 
study drug-related adverse effects 
with any residual adverse effects from 
the baseline lumbar puncture, subjects 
began taking experimental medica- 
tions on the seventh day after random- 
ization using a blinded incremental 
schedule that gradually advanced ac- 
tive medications to maintenance dos- 
age over a 6-day period. Each subject 
was instructed to take one tablet (de- 
prenyl 5 mg or placebo) and one cap- 
sule (tocopherol 1000 IU or placebo) 
twice daily with morning and evening 
meals. 

To date, enrolled subjects have 
reached an average of 15 months of 
follow-up evaluation, and the last en- 
rolled subject is expected to complete 
24 months of evaluation by November 
1990. Subjects who are judged to reach 
end point and complete final evalua- 
tion within 24 months are eligible to 
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participate in an extended Prelimi- 
nary End Point Protocol whereby they 
(1) restart previously assigned experi- 
mental DATATOP treatment in 
blinded fashion, (2) begin levodopa 
therapy in the form of Sinemet, and (3) 
are followed up at 3-month intervals 
by the investigator. The Preliminary 
End Point Protocol is designed to de- 
termine if experimental treatments 
will extend the time until the appear- 
ance of common levodopa-related ad- 
verse effects (eg, dyskinesias, wearing- 
off, on-off, altered mentation). 


BASELINE CHARACTERISTICS OF 
SUBJECTS 


The cohort of 800 randomized sub- 
jects, aged 61.1 + 9.5 years, consisted 
of 530 men (66%) and 270 women 
(34%), distributed among Hoehn/ 
Yahr stage 1 (N=404) and stage 2 
(N=396) of illness. General demo- 
graphic and clinical features of sub- 
jects are summarized in Table 5. Years 
of formal education attained were 
14.3 + 3.4, averaging 2 years beyond 
US high school completion. The 800 
subjects were predominantly white, 
non-Hispanic (97.6% ), and born in the 
United States (81.1%) and in Canada 
(10.6%). Religious affiliation was 
55.5% Protestant, 23.2% Catholic, 
8.6% Jewish, and 12.6% other or with- 
out affiliation. Subjects were predom- 
inantly married and living with a 
spouse (85.9% ) with a disproportion- 
ate representation of women among 
widowed individuals (Table 6). 


800 


Cumulative Subjects Enrolled 
s 2 
S 3 
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O 
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Duration of PD was 2.1 + 1.4 years 
from onset of symptoms to date of 
randomization and 1.0 + 1.1 years 
from diagnosis to randomization. 
These durations were virtually identi- 
cal for men and women and for pa- 
tients’ and investigators’ ratings. The 
most bothersome initial PD symptom 
among the 800 subjects was as follows: 
tremor, 468 (58.5%); handwriting 
problems, 90 (11.8%); rigidity, 67 
(8.4%); bradykinesia, 41 (5.1%); gait 
problems, 28 (3.5% ); reduced arm or 
leg swing, 19 (2.5% ); speech problems, 
15 (1.9%); unsteadiness, 10 (1.8%); 
drooling, 8 (1.0% ); dystonia, 3 (0.4% ); 
and others, 51 (6.5%). This distribu- 
tion did not differ between men and 
women. 

Employment status is summarized 
in Table 7 where 35.9% of the 800 sub- 
jects were fully employed in income- 
generating work, and 24.6% were full- 
time homemakers at baseline eval- 
uation. The combined groups of 472 
full-time employed individuals and 
homemakers (59.0% of cohort), for 
whom data are available, rated the 
impact of PD on current full-time ac- 
tivities as 42.2% none, 38.1% minor, 
15.5% concern to patient, 3.8% concern 
to employer or family, and 0.4% major, 
placing full-time activity in immediate 
jeopardy. There were no major gender 
differences in the distribution of these 
responses. Among the subjects fully 
employed in income-generating work 
of all types, the desire to continue work 
was very strong and nearly identical 
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Days Since First Subject Enrolled (9/3/87) to Last Subject Enrolled (11/15/88) 
Fig 3.— Cumulative enrollment (randomizations) of DATATOP (depreny! and tocopherol antioxida- 


tive therapy of parkinsonism) subjects. 
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for male and female respondents 
(Table 8). 

Subjects who were not fully engaged 
in income-generating work or home- 
making (N=415) had last been so en- 
gaged 6.3 + 6.8 years (5.1 + 4.6 for 
men and 9.2 + 9.6 for women) before 
baseline evaluation. Regardless of gen- 
der, the effect of PD on most recent 
full-time employment of these 415 sub- 
jects was viewed as 79.5% none, 9.6% 
slight, 3.6% moderate, and 7.2% con- 
siderable. Among the total cohort 
(N=800), 25 subjects (23 men and 2 
women) or 3.1% were considered by 
insurance companies or governmental 
agencies to be totally disabled and 12 
subjects (10 men and 2 women) or 1.5% 
were considered to be partially dis- 
abled. 

All subjects were asked at baseline 
evaluation if they were willing to re- 
main without all symptomatic anti-PD 
medications for the next 2 years, as- 
suming PD symptoms were to remain 
stable without significant progression; 
729 (91.1% ), including 474 men and 255 
women, responded yes; 43 (5.4%), in- 
cluding 35 men and 8 women, were un- 
certain; and 28 (3.5%), including 21 
men and 7 women, responded no. 


COMMENT 


The DATATOP trial was planned 
from 1985 to 1987 through a strong 
collaborative effort in the context of 
increasing scientific understanding of 
PD. Innovative aspects of planning in- 
cluded the following: (1) formulation 
of a relevant end point that lends itself 
to survival analysis; (2) a 2 X 2 facto- 
rial design that provides the means for 
assessing two treatments and their in- 
teractions; (3) a sample size with suf- 
ficient power to detect small but mean- 
ingful treatment effects, if indeed they 
exist; and (4) organization of the PSG 
consortium dedicated to cooperative 
and controlled clinical trials for PD. A 
far-reaching recruitment program has 
been instrumental in the successful 
and accelerated enrollment of 800 eli- 
gible subjects between September 3, 
1987 and November 15, 1988. 

Screening of potential subjects for 
DATATOP involved more than 6000 
telephone interviews, resulting in 2424 
patients considered possibly eligible 
and 1004 patients who were eventually 
scheduled for a personal screening 
evaluation. Of these, 884 patients met 
eligibility criteria, and 800 (90.5% ) of 
those eligible were actually enrolled in 
DATATOP. Exclusionary medications 
and PD duration of more than 5 years 
were the most important reasons for 
investigator-determined ineligibility, 
and unwillingness to delay symptom- 
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Ay gE atic therapy for PD was the most im- 
Table 5.— General Demographic and Clinical Features of DATATOP Subjects portant reason for patient self-exclu- 


Men Women All sion. No demographic or clinical dif- 


N 530 270 800 ferences were found between enrolled 
Age, y 61.5 + 9.4 60.4 + 9.8 61.1 + 9.5 and nonenrolled eligible individuals, 


Stage of PD“ 1.6 + 0.5 16 0.5 16 +05 indicating that our sample of subjects 
N in stage 1 254 150 404 was representative of respondents 
N in stage 2 276 120 396 within the constraints of our eligibility 


ADL scale, %*? criteria. 
By patient 91.3 + 7.2 90.0 + 8.2 91.2+7.5 Assignment to experimental treat- 
By rater 91.0 + 6.9 90.8 + 8.5 90.9 + 7.5 ments has been carried out by a com- 
Education, y 14.6 + 3.6 13.7 + 2.9 14.3 + 3.4 puter-generated randomization mod- 
*DATATOP indicates deprenyl and tocopherol antioxidative therapy of parkinsonism; + values indicate ule that stratified randomization ac- 
mean + SD at baseline evaluation; PD, Parkinson's disease; and ADL, activities of daily living. cording to the individual investigators 
responsible for assessment of the pri- 
mary end point. To date, follow-up of 
the 800 enrolled subjects is about half- 
way through the planned 2 years of 
observation per subject. 
There was an almost 2:1 ratio of men 
to women enrolled in DATATOP, re- 





Table 6.—Marital Status of DATATOP Subjects * 





% Men % Women % All flecting a similar male predominance 

(n=530) (n= 270) (N= 800) during the recruitment phases of the 

study. The disproportionate represen- 
Remarried and living with spouse 16.4 (87) 11.1 (30) 14.6 (117) tation of men in DATATOP exceeds 
the gender ratio reported in most epi- 
Widowed 4.2 (22) 15.6 (42) 8.0 (64) demiologic studies of PD,” although 
one survey indicates a male-female 
Other 0.4 (2) 0.4 (1) 0.4 (3) ratio as high as 3.7:1.” We surmise that 
the male predominance of our cohort 
* DATATOP indicates deprenyl and tocopherol antioxidative therapy of parkinsonism; total values exceed may to some extent reflect a greater 
100% because categories are not exclusive. perception of urgency for help and risk 


taking among men who were more 
likely to be gainfully employed (Table 
7) and a greater tendency for healthy 
wives to support their husbands with 
PD in a long-term trial. Regardless, 
the male predominance of our cohort 
does not appear related to investigator 


Table 7.—Employment Status of DATATOP Subjects * 







% Men % Women % All sources of selection bias. 

(n= 530) (n= 270) (N= 800) As assessed at baseline evaluation, 
Full time in gainful work 42.6 (226) 22.6 (61) 35.9 (287) enrolled subj ects were minimally dis- 
Part time in gainful work 8.7 (46) 12.6 (34) 10.0 (80) abled, having PD on average for about 


2 years from symptom onset and show- 
ing almost equal distribution among 
Hoehn/Yahr stages 1 and 2 of illness. 
Approximately one third of subjects 
discontinued treatment with exclu- 
sionary medications to meet eligibility 













Part-time homemaker 12.8 (68) 9.3 (25) 11.6 (93) 
Full-time student O (0) 0.7 (2) 0.3 (2) criteria, and only 13.0% discontinued 
Part-time student 0.8 (4) 1.9 (5) 1.1 (9) levodopa therapy. Early, classic symp- 


*“DATATOP indicates deprenyl and tocopherol antioxidative therapy of parkinsonism; total values exceed toms of tremor, handwriting prob- 


_ 100% because categories are not exclusive. lems, rigidity, and bradykinesia ac- 
counted for the most bothersome com- 
plaints of our subjects. Full-time 
employees and homemakers repre- 
sented the majority of subjects. Con- 
cerns and threats regarding immedi- 


Table 8.—The Desire to Continue Work Among Subjects Fully Employed in ate incapacity or unemployment ap- 
Income-Generating Work peared negligible for men and women, 

indicating that our entering subjects 

% Men % Women % All were relatively stable and not immi- 


(n=230) (n=72) (N= 302) nently poised for failure with respect 


to the primary end point for 


Work as long as possible 44.8 (103) 61.1 (44) 48.7 (147) 
Strong desire to continue work 49.1 (113) 31.9 (23) 45.0 (136) DATATOP 


Weak desire to continue work 3.0 (7) 4.2 (3) 3.3 (10) More than 90% of subjects felt com- 


No desire to continue work 2.6 (6) 1.4 (1) 2.3 (7) 


fortable with the concept of a clinical 
Plan to retire in next 3 mo 0.4 (1) 1.4 (1) 0.7 (2) 


trial aimed at slowing progression of 
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PD and withholding symptomatic 
therapy unless and until sufficient dis- 
ability developed to warrant levodopa 
treatment. Together, our cohort of 
subjects seems generally representa- 
tive and characteristic of early, mini- 
mally disabled PD, and the findings 
from DATATOP should accordingly be 
generalizable. 
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è Striated anal sphincter function was 
studied electrophysiologically and radio- 
logically in six patients with Parkinson’s 
disease and chronic constipation. In five 
cases, there was paradoxic anal sphincter 
muscle contraction during simulated def- 
ecation straining resembling anismus- 
type pelvic outlet obstruction. Radiologic 
studies showed functional improvement of 
the defecatory mechanism following the 
administration of the dopamine receptor 
agonist apomorphine in four patients. Dys- 
function of the striated anal sphincter 
musculature may be a significant cause of 
constipation in some parkinsonian pa- 
tients, occurring as part of the generalized 
extrapyramidal motor disorder. 

(Arch Neurol. 1989;46: 106 1-1064) 


(Constipation is a common symptom 

in patients with Parkinson’s dis- 
ease. It was first described by James 
Parkinson’ in 1817 as one of the cardi- 
nal features of the disorder. In one 
survey, 50% of parkinsonian patients 
had a defecation frequency of less than 
once daily, compared with 12% in age- 
matched control subjects.? Among the 
factors thought to contribute to con- 
stipation in Parkinson’s disease are 
autonomic dysfunction, physical inac- 
tivity, impaired straining due to hy- 
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pokinesia of the abdominal muscula- 
ture, and medication such as anti- 
cholinergic agents. Constipation may 
be a major clinical problem in some 
patients, causing colonic dilatation 
and pseudo-obstruction.’? 

Dysfunction of the striated muscu- 
lature of the pelvic floor and external 
anal sphincter (EAS) may be a further 
cause for constipation in Parkinson’s 
disease. In some patients, paradoxi- 
cal contraction of the striated anal 
sphincter muscles causes functional 
obstruction of the pelvic outlet.* This 
may be a manifestation of the gener- 
alized extrapyramidal disorder of con- 
trol of the voluntary musculature, and 
therefore may be influenced by anti- 
parkinsonian medication in some pa- 
tients. 

In an electrophysiologic study* of 
obstructive defecation due to anal 
sphincter dysfunction in neurologi- 
cally normal patients with so-called 
anismus-type constipation’ and in par- 
kinsonian patients with constipation, 
we suggested that paradoxic striated 
pelvic sphincter muscle contraction 
during attempted defecation was a 
form of focal dystonia. We now de- 
scribe the clinical, electrophysiologic, 
and radiologic features of striated anal 
sphincter muscle dysfunction in con- 
stipated patients with Parkinson’s dis- 
ease, and assess the responsiveness of 
this functional abnormality to subcu- 
taneous administration of the dopa- 
mine receptor agonist apomorphine. 
This has previously been shown to be 
an effective and practical method of 
reversing off-period parkinsonian mo- 
tor disability.‘ 
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PATIENTS AND METHODS 
Patients 


Six patients with Parkinson’s disease and 
constipation were studied (two men and 
four women). Their mean age was 56.1 years 
(range, 39 to 66 years), and the mean dura- 
tion of disease was 8.5 years.“ All were 
taking levodopa medication and the mean 
duration of this therapy was 6.5 years. Only 
one patient was also taking an anticholin- 
ergic drug. Fluctuation of motor function 
was detectable in all of the patients; three 
had severe motor oscillations. 

In all cases, chronic constipation had be- 
gun around the time of, or following, the 
onset of parkinsonian motor disabilities. 
Two of the female patients had previously 
experienced episodic constipation; one in 
her early adult life and the other during 
childhood and also when pregnant. Clinical 
details of the patients are summarized in 
the Table. 

The tests outlined below were part of the 
investigation of the patients’ clinical prob- 
lems and were performed with their in- 
formed consent. 


Electrophysiologic Tests 


Electromyographic (EMG) activity was 
recorded from four muscles: puborectalis 
(PR), EAS, gluteus maximus, and external 
oblique abdominis. With the patient in the 
left lateral position, concentric needle elec- 
trodes were inserted percutaneously into 
the PR muscle from a point 1 cm posterior 
and into the EAS muscle 1 cm lateral to the 
anal margin. Adhesive silver-silver chlo- 
ride surface electrodes were placed on the 
skin overlying the oblique abdominis and 
gluteus maximus muscles. Concentric nee- 
dle and surface EMG activity were recorded 
with conventional EMG equipment (Dantec 
Neuromatic 2000) and on a Medelec MS-6 
apparatus, respectively. Simultaneous re- 
cordings were made with the patient at rest, 
during voluntary sphincter muscle contrac- 
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formed. 


Summary of Clinical, Electrophysiologic, and Radiologic Features of Patients With Parkinson's Disease 


Associated With Chronic Constipation * 












Case No./ Duration Motor Duration of Sphincter Proctogram, Proctogram, Associated Clinical 
Age, y/Sex of Disease, y Fluctuations Constipation, y EMG Off On Features 
Improvement on receiving apomorphine 
2/65/F 6 + 6 Paradox Severe OD Marked Anal pain 
Improvement 
3/66/F 8 +++ 7 Paradox Severe OD Moderate Objective abdominal distention: 


2 Paradox Severe OD 





Improvement 








Mild Off-period perineal pain, 
improvement 


dysfunction 
5/56/M 4 + 1 Paradox Mild OD re? 
6/52/F 9 ++ 2 Normal Normal Anticholinergic medication 


* EMG indicates electromyography; motor fluctuations are graded as: triple plus signs, severe; double plus signs, moderate; and plus sign, mild. NP indicates not per- 
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receiving apomorphine 





















striated urethral sphincter 





tProctographic appearances of obstructed defecation (OD) due to paradoxical striated anal sphincter muscle contraction. 


tion, and during attempts to expel a soft 
rubber rectal balloon containing 50 mL of 
water. 


Defecating Proctography 


This is a radiologic technique designed to 
show the dynamics of the pelvic floor and 
sphincter mechanism during simulated 
defecation.” Barium paste, 120 mL, was in- 
stilled into the rectum through a soft- 
rubber catheter. Patients were then seated 
on a specially constructed commode, sitting 
sideways in the screening unit. Attempts to 
evacuate the rectum were then recorded by 
videofluoroscopy. Patients were instructed 
to expel the barium paste as quickly and as 
completely as possible. 

Normal subjects are able to promptly 
evacuate all of the barium paste through a 
widely open, parallel-walled anal canal. The 
normal inhibition of the sphincter mecha- 
nism can be gauged by observing increase of 
the anorectal angle, presumed to represent 
relaxation of the PR muscle sling, which is 
a prelude to normal defecation. The follow- 
ing criteria were used as indicators of stri- 
ated anal sphincter muscle dysfunction: (1) 
impairment of the speed of opening of the 
anal canal and of speed of rectal evacuation; 
(2) impairment of perineal descent due to 
poor relaxation of the pelvic floor, as gauged 
by measuring the distance moved by the 
anorectal junction with respect to the is- 
chial tuberosities on straining; (3) impaired 
opening of the anorectal angle; and (4) pos- 
terior impression on the anorectal junction 
causing abnormal configuration of the anal 
canal due to paradoxical activity in the PR 
muscle during straining. 


‘On’ and ‘Off’ Phase Studies 


Patients were initially studied electro- 
physiologically and radiologically in off 
phases after withholding of antiparkinso- 
nian medication for several hours. Four 
patients with significant motor fluctua- 
tions and abnormal anal sphincter function 
were restudied in on phases following sub- 
cutaneous injections of the dopamine re- 
ceptor agonist apomorphine. The dose of 
apomorphine ranged between 3 and 10 mg 
and was sufficient to produce motor re- 
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Fig 1.—Electromyographic activity in external anal sphincter (EAS) and puborectalis (PR) mus- 
cles in normal and parkinsonian patient during simulated defecation straining. The normal subject 
(above) shows inhibition of activity of both muscles while straining, with a physiologic burst of en- 
hanced activity at the conclusion of the effort (the closing reflex). The patient with Parkinson's dis- 
ease and chronic constipation (below) has paradoxically increased activity in both muscles as 


simulated defecation straining occurs. 


sponses equivalent to those of levodopa in 
individual patients. The patients had been 
pretreated with an oral 20-mg dose of the 
peripherally acting dopamine receptor an- 
tagonist domperidone to prevent nausea 
and vomiting. 


RESULTS 
Electromyography 


During simulated straining at stool 
when in the off phase, five patients 
showed a synchronous paradoxic in- 
crease in EMG activity in both PR and 
EAS muscles (Fig 1). Gluteal muscle 
recruitment during straining was seen 
in two patients. One patient had phys- 


iologic striated sphincter muscle inhi- 
bition during defecation straining, 
with a normal burst of enhanced EMG 
activity when told to relax. All pa- 
tients showed recruitment of the 
oblique abdominis muscle when asked 
to strain. The pattern of muscle acti- 
vation was normal in all patients dur- 
ing voluntary EAS muscle contraction 
and on coughing. 

Recordings made in on phases in 
four of the five patients with paradox- 
ical sphincter muscle contraction 
tended to show more rapid and effec- 
tive recruitment of motor units during 
sphincter muscle squeezing and 
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Fig 2.—Defecating proctogram in parkinso- 
nian patient with constipation (patient 2). Left 
lateral projection in ‘off’ phase. There is no re- 
laxation of the pelvic floor and external anal 
sphincter muscles with attempted straining, 
and posterior indentation of contrast-filled an- 
orectal junction (arrow) indicates paradoxical 
puborectalis muscle contraction. 


straining. However, all patients con- 
tinued to exhibit paradoxical sphinc- 
ter muscle activation during simulated 
defecation. 


Defecating Proctography 


Five patients had evidence of ob- 
structive defecation due to striated 
anal sphincter muscle dysfunction in 
off-period proctograms (Fig 2). Four 
had obvious evidence of paradoxical 
contraction of the pelvic floor and anal 
sphincter muscles with paradoxical 
ascent of the perineum and decrease in 
the anorectal angle when straining, 
posterior impression on the anorectal 
junction due to PR muscle contraction, 
and markedly impaired opening of the 
anal canal. In three cases, this abnor- 
mality was so severe that no evacua- 
tion of barium paste was achieved. 
Less marked paradoxical striated 
sphincter muscle activity was present 
in the fifth patient who showed im- 
pairment of the anal canal opening and 
slowed, but relatively effective, evacu- 
ation. Patient 6, who had showed nor- 
mal inhibition of EMG striated 
sphincter muscle activity during 
straining, showed efficient evacuation 
through a widely open anal canal. 

The radiologic study was repeated 
after injection of apomorphine (Fig 3) 
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Fig 3.—Defecating proctogram in the same 
patient after subcutaneous apomorphine ad- 
ministration. The pelvic floor has relaxed al- 
lowing descent of the rectum, the anorectal 
angle has increased, and there is now ade- 
quate opening of the anal canal. 


in the four patients who had severe off- 
period proctographic abnormalities. 
Improvement in striated sphincter 
muscle function with more normal pel- 
vie floor descent, increase in the rec- 
toanal angle, decrease in posterior an- 
orectal impression, and improved 
opening of the anal canal was observed 
to some extent in each patient. Of the 
three patients who had been unable to 
expel any barium paste when off, com- 
plete evacuation was possible in one 
patient, while partial rectal emptying 
occurred in two. In patient 4, partial 
rectal emptying had been possible in 
the off phase study despite marked ob- 
structive defecation, and the efficiency 
of evacuation was similar following 
apomorphine injection, although the 
appearances suggested a reduction in 
paradoxical anal sphincter muscle 
contraction. No patient achieved com- 
pletely normal defecating procto- 
graphic appearances following the 
apomorphine examination. 


COMMENT 


Normal defecation occurs at a so- 
cially convenient time after rectal dis- 
tention by fecal material is perceived. 
Tonic-resting activity in the striated 
sphincter musculature is inhibited and 
relaxation of the PR muscle sling per- 
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mits straightening of the rectoanal 
angle, allowing access of rectal con- 
tents to the anal canal. Simulta- 
neously, relaxation occurs in the EAS 
muscle. During defecation straining, 
there is cocontraction of glottic, dia- 
phragmatic, and abdominal wall mus- 
cles, and rectal evacuation is achieved 
by a combination of raised intra-ab- 
dominal pressure and relaxation of the 
anal sphincter muscles, often aided by 
colonic pressure waves. Previous de- 
scriptions of EMG activity during sim- 
ulated defecation straining have con- 
firmed that, in normal subjects, there 
is inhibition of the EAS and PR 
muscles. In subjects with normal 
EMG sphincter muscle relaxation, ac- 
tivity in the adjacent gluteal muscles 
does not change when recorded under 
the laboratory conditions of this 
study.’ Our observations show that the 
selective pattern of muscle contraction 
and inhibition that accompanies defe- 
cation straining is disturbed in some 
parkinsonian patients suffering from 
constipation. Paradoxical activation of 
the PR and EAS muscles occurred and 
some patients also showed a tendency 
to recruit gluteal muscles during sim- 
ulated defecation straining. The radio- 
logic studies confirmed that paradoxi- 
cal contraction of the anal sphincter 
muscles was of functional importance, 
since there was severe obstruction to 
the pelvic outlet in four of the five 
cases. 

Impaired ability to execute pat- 
terned voluntary motor activity is a 
characteristic part of the parkin- 
sonian motor disorder. Inability to 
recruit sufficient numbers of volun- 
tary motor units contributes to 
bradykinesia.’ Cocontraction of ago- 
nist and antagonist muscles at rest is 
seen in parkinsonian rigidity, al- 
though physiologic reciprocal inhibi- 
tion between agonist and antagonist 
may be present during voluntary mo- 
tor activity.” The motor phenomenon 
of dystonia is accompanied by a 
greater disturbance in the relationship 
between agonists and antagonists, in- 
cluding inappropriate corecruitment 
of these muscles with failure of recip- 
rocal inhibition and abnormal recruit- 
ment of adjacent muscle groups not 
normally involved in a voluntary 
task.!!"? Dystonia may be seen in pa- 
tients with Parkinson’s disease, either 
in untreated patients as an early man- 
ifestation of extrapyramidal disease 
or in patients receiving levodopa ther- 
apy who may show fluctuations of mo- 
tor function.'*"* Dystonic phenomena 
that are activated by specific motor 
tasks, such as writer’s cramp and ki- 
nesigenic foot dystonia, occur in Par- 
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kinson’s disease.'* The disturbance of 
striated muscle activation specific to 
the voluntary motor task of defecation 
straining in our cases may be a form of 
focal dystonia. The electrophysiologic 
abnormalities of paradoxic recruit- 
ment of the normally inhibited PR and 
EAS muscles, and of recruitment of 
the adjacent gluteal muscles, are in 
keeping with the pattern of disordered 
muscle recruitment that is seen when 
other parts of the body are affected by 
dystonia.'™!? Chronic constipation was 
temporally related to Parkinson’s dis- 
ease in each patient with paradoxical 
sphincter muscle contraction and was 
an early feature of the disorder in four 
patients. 

The dopamine receptor agonist apo- 
morphine is effective in the treatment 
of patients with parkinsonian motor 
oscillations.’ Given by the subcutane- 
ous route in conjunction with oral ad- 
ministration of the dopamine receptor 
antagonist domperidone, it produces 
rapid and reliable reversal of off-pe- 
riod motor disability and is a conve- 
nient way of comparing parkinsonian 
motor deficits in on and off states. Re- 
sponsiveness of sphincter dysfunction 
to apomorphine administration was 
variable. Paradoxical EMG activity in 
anal sphincter muscles tended to per- 
sist with simulated defecation strain- 
ing in on phases. However, in the more 
physiologic assessment of the defeca- 
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tory mechanism by proctography, def- 
inite improvement in pelvic outlet ob- 
struction was seen in four cases after 
apomorphine administration. More- 
over, two patients had amelioration of 
their symptoms of constipation when 
overall motor function was improved 
by intermittent self-administered sub- 
cutaneous injections of apomorphine. 
Another patient (case 4) had addi- 
tional features that were consistent 
with striated pelvic floor and sphincter 
muscle dysfunction. These were epi- 
sodic perineal pain confined to off pe- 
riods, suggestive of painful dystonic 
pelvic muscle spasm, and also apomor- 
phine-responsive impairment of stri- 
ated urethral sphincter relaxation 
that was demonstrated urodynamical- 
ly. Involvement of the anal sphincter 
mechanism did not correlate well with 
the degree of motor disability. 
Whereas three patients had severe 
motor symptoms associated with mo- 
tor oscillations, in other patients con- 
stipation coexisted with relatively 
mild parkinsonian motor deficits. 
Impaired colonic motility may have 
contributed to constipation, and was 
the presumed cause of symptoms in 
one patient taking anticholinergic 
medication. Neuronal degeneration 
associated with Lewy bodies may occur 
in the colonic myenteric plexus of par- 
kinsonian patients," although this has 
not been conclusively associated with 
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slowed gut transit. Effectiveness of 
abdominal straining may be relevant 
in severely bradykinetic patients; how- 
ever, all of our patients showed EMG 
recruitment of anterior abdominal 
wall muscles during off periods. Fur- 
thermore, the patient (case 6) with 
normal striated sphincter function 
was readily able to evacuate the rec- 
tum despite considerable motor dis- 
ability when in the off phase, whereas 
others with severe pelvic floor dysfunc- 
tion still experienced difficulty defe- 
cating when motor disability had oth- 
erwise been reversed by apomorphine. 
We conclude that paradoxical con- 
traction of the pelvic floor and anal 
sphincter muscles, resembling that 
found in idiopathic anismus-type con- 
stipation, is a cause of constipation in 
Parkinson’s disease. Dysfunction of 
the striated anal sphincter mechanism 
may best be considered as part of the 
generalized extrapyramidal motor dis- 
order. In some patients, this phenom- 
enon may show responsiveness to an- 
tiparkinsonian medication. 
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Causative Factors for Suicide Attempts 


by Overdose in Epileptics 
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e We investigated possible causative 
factors for the high epileptic suicide rate 
by reviewing the cases of 22 patients with 
idiopathic epilepsy found among 711 pa- 
tients hospitalized for a suicide attempt by 
overdose. Suicide attempts occurred with 
increased seizure activity in one epileptic; 
otherwise, no relationships were found 
with seizure-related variables. When 
matched by age, sex, and race with 44 
nonepileptic controls from the same pop- 
ulation, the epileptics had more borderline 
personality disorders with multiple impul- 
sive suicide attempts (45.5% vs 13.6%), 
more psychotic disturbances, including 
command hallucinations (31.8% vs 9.1%), 
fewer adjustment disorders (18.2% vs 
45.5%), and a comparable frequency of 
depression (13.6% vs 25%). We conclude 
that suicide attempts in epileptics are pri- 
marily associated with interictal psycho- 
pathologic factors, such as borderline per- 
sonality disorder and psychosis, rather 
than with specific psychosocial stressors, 
seizure variables, or anticonvulsant medi- 
cations. 

(Arch Neurol. 1989;46: 1065-1068) 


Hpilepsy is associated with increased 
suicidal behavior. The risk of com- 
pleted suicide among epileptics is four 
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or five times larger than among non- 
epileptics, and those with complex par- 
tial seizures (CPSs) of temporal lobe 
origin have a particularly high risk.'” 
The reasons for this increased epilep- 
tic suicide risk are not clear and may 
include the following: psychosocial in- 
fluences, such as social stigmatization 
and increased job and marital difficul- 
ties; seizure variables, such as fre- 
quent poorly controlled seizures and 
the presence of frightening or affective 
auras; and anticonvulsant factors, 
such as medication-induced cognitive 
changes and the easy availability of 
potentially lethal drugs.** In addition, 
epileptic suicides may result from the 
higher prevalence of specific psycho- 
pathologic factors, such as psychosis, 
personality disorders, and endogenous 


depression, reported in epileptic 
patients.** 
Besides completed suicide, at- 


tempted suicide is also more frequent 
among epileptics.**'? Suicide at- 
tempts are particularly important be- 
cause they are a major risk factor for 
completed suicide; 10% to 20% of those 
who attempt suicide eventually kill 
themselves over a 10-year follow-up 
period. Furthermore, it is easier to 
study the causative factors for suicidal 
behavior in those who attempt suicide 
rather than in those who complete 
suicide, where it is often impossible to 
determine these factors after death. 
We investigated the relationship of 
underlying psychopathologic factors 
and other causative factors to suicide 
attempts in epileptics by comparing 22 
epileptics who had attempted suicide 
and 44 nonepileptic controls who had 
also attempted suicide. For the pur- 
poses of this study, suicide attempts 


included any self-inflicted effort to kill 
oneself by overdose. Patients and con- 
trols were matched for age, sex, race, 
and method of suicide attempt (drug 
overdose). Our hypothesis was that 
suicide attempts in epileptics occurred 
as a symptom of interictal psycho- 
pathologic factors and not primarily 
as a reaction to the chronic psychoso- 
cial stressors of having epilepsy, spe- 
cific seizure factors, or the cognitive 
effects of anticonvulsant medications. 


SUBJECTS AND METHODS 


We identified all patient records of epi- 
leptics and nonepileptics admitted to Uni- 
versity Hospitals of Cleveland (Ohio) be- 
tween 1981 and 1987 with a drug overdose as 
a suicide attempt. For each epileptic pa- 
tient, two controls were randomly sampled 
from potential matches on the same data 
file and were matched for sex, race, and age 
within 3 years. 

The assessment included a chart review 
of psychosocial, seizure, anticonvulsant, 
and behavioral variables. All patients had 
been assessed by the psychiatric consulta- 
tion-liaison team during their hospitaliza- 
tion. Specific psychiatric diagnoses were 
based on the American Psychiatric Associ- 
ation’s Diagnostic and Statistical Manual of 
Mental Disorders, Revised Third Edition 
(DSM-III-R).. Matched x? analysis was 
used to assess differences between the two 
groups.'® 


RESULTS 


Seven hundred eleven patients at- 
tempted suicide, and of these, 23 
(3.2%) had a recurrent seizure disor- 
der not attributable to metabolic or 
drug factors. One epileptic was ex- 
cluded from the study because of a 
brain tumor; the other 22 (3.1%) had 
idiopathic epilepsy (Table). The 22 
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idiopathic epileptics had a median age 
of 28 years, with a range of 14 to 59 
years; they included 15 females, 7 
males, 10 blacks, and 12 whites. There 
were no significant differences in age, 
Sex, or race when compared with 688 
nonepileptics in the total data sample. 
There was 1 completed suicide among 
the 22 epileptics (a patient with a 
chronic interictal psychosis) and 1 
among the 44 controls. 


Behavioral Characteristics 


The epileptics had a significantly 
higher percentage of borderline per- 
sonality disorder (Figure). The DSM- 
ITI-R criteria for the diagnosis of bor- 
derline personality disorder were ful- 
filled in 10 (45.5%) of the epileptics 
(median age, 29.5 years; male-female 
ratio, 2:8; black-white ratio, 7:3) but 
only 6 (13.6% ) of the controls (x? = TA: 
P<.01). The psychiatric consulta- 
tion-liaison team described these pa- 
tients as “impulsive,” “explosive,” 
“labile,” and “unstable.” Suicidal ges- 
tures were frequently precipitated by a 
minor argument or were performed as 
an attention-getting technique. Multi- 
ple suicide attempts were more fre- 
quent among the epileptics (72.7% vs 
29.5%; x?=16.2, P<.001) and in- 
cluded 5 (22.7% ) patients with at least 
one prior attempt by violent means. 
Multiple suicide attempts were associ- 
ated with borderline personality dis- 
order (9 of 10) as well as with psycho- 
sis (7 of 7). 

There were seven cases of psychotic 
behavior among the epileptics (median 
age, 31 years; male-female ratio, 3:4: 
black-white ratio, 1:6) compared with 
four in the controls (31.8% vs 9.1%; 
x’ = 3.6; P = .06). All of the epileptics 
with psychosis had affective symptoms 
and a history of multiple suicide at- 
tempts. Five of these patients had a 
chronic interictal psychosis character- 
ized by paranoia and persecutory au- 
ditory hallucinations; two of these at- 
tempted suicide because of command 
hallucinations to kill themselves. The 
remaining two epileptics experienced 
brief psychotic episodes characterized 
by the sudden onset of agitation, delu- 
sions, hallucinations, a feeling of sad- 
ness, and a “compulsion” to commit 
suicide. These psychotic episodes 
lasted minutes to hours and abated 
without residual depression or suicidal 
thoughts. 

Major depression with neurovegeta- 
tive signs was identified in three epi- 
leptics (median age, 37 years; male-fe- 
male ratio, 1:2; black-white ratio, 1:2) 
and 11 nonepileptics (13.6% vs 25%; 
x’ = .61; P = nonsignificant). All three 
depressed epileptics had a history of 
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Characteristics of Epileptics With Suicide Attempts * 


Case/Age, Seizure Anticonvulsant Multiple 


y/ Sex Type(s) Drug(s) Behavioral Diagnosis Attempts 
primidone, psychosis 
clonazepam 

2/32/Mt CPS X 


Carbamazepine Chronic psychosis 
















3/19/M CPS Phenytoin Chronic psychosis§ X 
4/14/F CPS, GTS Carbamazepine, Adjustment disorder 

phenobarbital, 

primidone 
5/24/F GTS Phenobarbital BPD od 
6/23/F CPS, GTS Phenytoin, BPD xX 







phenobarbital 

















10/27 /F CPS, GTS Phenytoin, BPD X 
primidone 
11/30/F CPS, GTS Phenytoin BPD X 
12/31/F GTS Phenytoin BPD, brief 
psychosis 
13/37 /F GTS Phenytoin, Depression 
phenobarbital 
14/40/F GTS Phenytoin, Depression 
phenobarbital 
15/27 /M CPS,ł GTS Phenytoin Chronic psychosis X 
16/16/M CPS Phenobarbital, Adjustment disorder 

















ytoin 
19/59/F GTS 





ytoin 


CPS, GTS Primidone 


clonazepam 
17/33/M CPS,ł GTS Phenytoin Depression or 
18/24/F CPS Phen BPD X 


Phenobarbital 


20/18/F GTS Phenobarbital Adjustment disorder RENIA 
21/30/M GTS Phen BPD X 






Chronic psychosis X 










Chronic psychosis§ X 






*BPD indicates borderline personality disorder; CPS, complex partial seizure, and GTS, generalized 


tonoclonic seizure. 
tCompleted suicide. 
¢Primictal events (auras). 
§Command hallucinations. 


prior psychiatric consultation and an- 
tidepressant therapy. 

Four epileptics (median age, 16 
years; male-female ratio, 1:3; black- 
white ratio, 2:2) and 20 nonepileptics 
had adjustment disorder (18.2% vs 
45.5%; x? = 4.2; P < .05). In addition, 
among the nonepileptic controls, 4 had 
other personality disorders (primarily 
antisocial personality). 

Alcohol abuse was described in 6 
epileptics and 10 nonepileptics, but it 
was not possible to precisely assess the 
degree of alcohol use based on chart 
descriptions. Alcohol abuse occurred 
in all 3 depressed epileptics. 


Psychosocial, Seizure, and 
Anticonvulsant Characteristics 


None of the suicide attempts in the 
epileptics was directly precipitated by 
any epilepsy-related complaint or 
problem. All of the epileptics had a 
seizure disorder dating to childhood. 
Six patients had CPSs, eight had gen- 
eralized tonoclonic seizures (GTSs), 


and eight had both; moreover, two of 
the patients with GTSs had temporal 
lobe electroencephalographic foci, one 
on the right and one on the left. There 
was no clear association between sei- 
zure type and psychiatric diagnosis. 
Two patients with CPSs reported 
primictal events (auras), but these 
were not related to any affective or 
suicidal behavior. Seizure frequency 
was unchanged and generally less than 
one per month during the time sur- 
rounding the suicide attempts. More 
frequent seizures occurred in the two 
patients receiving triple anticonvul- 
sants, one of whom had a flurry of 
CPSs with motionless staring spells 
interspersed with periods of psychosis. 

Anticonvulsant medications in- 
cluded phenytoin sodium (n = 12), 
phenobarbital sodium (n = 10), car- 
bamazepine (n = 5), primidone(n = 4), 
and clonazepam (n = 2). Nine patients 
were receiving more than one anticon- 
vulsant drug, and their suicide at- 
tempts involved an overdose of multi- 
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ple anticonvulsants. Two of the psy- 
chotic epileptics also overdosed with a 
phenothiazine, and two of the epilep- 
tics with adjustment disorders also 
overdosed with multiple over- 
the-counter drugs. No significant dif- 
ferences were identified between the 
nature of the underlying psychopatho- 
logic factors and the type of anticon- 
vulsant medications taken routinely or 
in suicide attempts. 


COMMENT 


The results of this study indicate 
that suicide attempts in epileptics are 
associated with interictal psycho- 
pathologic factors. Among epileptics, 
there were frequent impulsive suicide 
gestures with borderline personality 
characteristics. In addition, suicidal 
behavior occurred in a subgroup of 
epileptics with psychotic behavior. 
This subgroup included patients with a 
chronic interictal psychosis and para- 
noid hallucinations as well as patients 
with brief psychotic episodes and a 
compunction to kill themselves. In one 
patient, the brief psychotic episodes 
accompanied increased ictal activity; 
otherwise, there was no definite rela- 
tionship between suicide attempts and 
seizure characteristics or anticonvul- 
sant medications. Suicidal behavior 
among the epileptics was not primar- 
ily due to major depression or direct 
reactions to the psychosocial problems 
associated with having a chronic sel- 
zure disorder. 

Suicidal behavior is a significant 
problem among epileptics. Barra- 
clough,! in an extensive review of 11 
studies, reported that patients with 
epilepsy have about a five times 
greater risk of dying from suicide, and 
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those specifically with temporal lobe 
epilepsy had about a 25 times greater 
risk. Other studies have reported sui- 
cide rates in patients with epilepsy of 
from 3% to 22% .?'?!"" Furthermore, a 
comparison of suicide attempts among 
epileptics and comparably handi- 
capped controls with other chronic 
disabilities found that 30% of the 
epileptics had attempted suicide as 
compared with 7% of the controls." As 
many as one third of all epileptics have 
attempted suicide at some point in 
time.” 

To our knowledge, there has been no 
previous controlled study of the caus- 
ative factors for attempted suicide 
among epileptics. Others have as- 
sumed that the higher incidence of 
suicidal behavior was due to the psy- 
chosocial difficulties and seizure-re- 
lated aspects of epilepsy.” Epileptics 
may have specific problems with psy- 
chosocial adjustment, low self-esteem, 
difficult seizure control, frightening 
primictal events, seizure-induced de- 
pression, or heightened depression 
from anticonvulsant drugs (eg, 
barbiturates).°°*!3*?° However, an ad- 
ditional causative factor for suicidal 
behavior is the higher prevalence of 
interictal psychopathologic factors 
among epileptics compared with the 
general population.**'?"’*! Borderline 
personality characteristics such as 
loosely organized and immature pat- 
terns of adaptation, an impulsive be- 
havioral tendency, and a lack of a sta- 
ble character structure are common 
among epileptics,™” and a chronic in- 
terictal psychosis with affective and 
paranoid features occurs in about 
7% 833 Furthermore, brief psychotic 
episodes, which may be directly re- 


lated to the ictal activity, can result in 
sudden affective changes and impul- 
sive suicide attempts.” 

Our study found a strong relation- 
ship between epileptic suicide at- 
tempts by overdose and borderline 
personality characteristics or psy- 
chotic behaviors. Although we only 
studied drug overdoses, this relation- 
ship may also be found among epilep- 
tics with other types of suicide at- 
tempts; this was suggested by the high 
incidence of previous suicide attempts 
by violent means among our patients. 
Furthermore, since suicide attempts 
are usually due to an underlying be- 
havioral disturbance,’ the increased 
frequency of suicide attempts among 
epileptics is probably directly due to 
the higher prevalence of borderline 
personality characteristics and psy- 
chosis. 

The reasons for the association of 
specific psychopathologic features and 
epilepsy are probably multifactorial. 
Repetitive electrical discharges in the 
temporal limbic areas may result in 
affective disturbances with borderline 
personality characteristics or brief 
psychotic episodes.***’ Although some 
of these suicide attempts may have re- 
sulted from undetected seizure activ- 
ity, the low seizure frequency in most 
of these patients suggests a less direct 
mechanism. Possibilities include the 
hypometabolism that occurs around 
the seizure focus (“surround 
inhibition”)** or a chronic induction of 
affective instability by repetitive dis- 
charges in the limbic area 
(“kindling”). In addition, suicide at- 
tempts may result from unique ictal 
events in some patients. Ictal depres- 
sion may emerge suddenly, out of con- 
text, and may persist for hours or days 
after the inducing seizures.’ For ex- 
ample, Betts” has reported the case of 
a patient with short-lived ictal guilt 
who cut his throat. Patients with fre- 
quent seizures may also have a “de- 
pressive delirium” develop with con- 
fusion, agitation, mood changes, and 
suicide attempts*; at least one of our 
patients with brief psychotic episodes 
and suicidal behavior had agitation 
and heightened seizure activity. Fi- 
nally, the command hallucinations ex- 
perienced by some psychotic epileptics 
may also constitute an ictal event. 

In addition to psychiatric distur- 
bances, Diehl‘ identified other risk fac- 
tors for suicide in epileptics: male sex, 
age 25 to 49 years, GTSs and CPSs 
(particularly in the presence of struc- 
tural brain disease), long disease du- 
ration, insufficient therapy, personal 
and social difficulties in professional 
life, and the availability of large quan- 
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tities of anti-epileptic drugs. Our study 
did not permit an assessment of the 
relationship of suicide attempts to sex, 
age, or disease duration; however, all 
of our patients had either GTSs or 
CPSs, and the psychosocial stressors 
of having epilepsy undoubtedly con- 
tributed to a lack of self-esteem or 
instability.” With their ready access to 
anticonvulsant drugs, epileptics have 
an easy vehicle for manifesting impul- 
Sive suicide attempts.‘ 
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In conclusion, this study suggests 
that increased suicidal behavior in 
epileptics is associated with interictal 
psychopathologic features such as bor- 
derline personality disorder with im- 
pulsive suicide gestures or affective- 
paranoid psychotic behavior. These 
psychopathologic findings among epi- 
leptics may provide a key to better un- 
derstanding of other interictal behav- 
ioral problems found in these patients. 
In the majority of epileptic suicide at- 
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Paradoxical Kinesia in Parkinsonism 
Is Not Caused by Dopamine Release 


Studies in an Animal Model 


Kristen A. Keefe; John D. Salamone: Michael J. Zigmond; Edward M. Stricker, PhD 


è Rats become akinetic after large 
dopamine-depleting brain lesions, yet 
they show an activation-induced restora- 
tion of motor function. In this study, rats 
were given intraventricular injections of 
the neurotoxin 6-hydroxydopamine to per- 
manently reduce the dopamine content of 
the corpus striatum by 98%. Although the 
rats were akinetic in their home cages, 
they swam effectively when placed in 
deep water and escaped from a shallow 
floating ice bath. These behaviors were 
not abolished by pretreating the animals 
with the dopamine antagonists haloperidol 
and SCH-23390. In contrast, haloperidol 
completely blocked the brain-damaged 
animals’ behavioral responses to amphet- 
amine. These results suggest that the par- 
adoxical kinesia of dopamine-depleted 
rats is not a consequence of dopamine re- 
lease from residual dopaminergic fibers. 

(Arch Neurol. 1989;46:1070-1075) 


atients with extensive degenera- 

tion of nigrostriatal dopaminergic 
neurons show profound impairments 
in sensorimotor integration, resulting 
in akinesia. Nevertheless, these indi- 
viduals may behave appropriately 
when placed in various activating 
situations.'? Comparable results have 
been obtained in studies of rats with 
nigrostriatal bundle injury.* Like- 
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wise, the administration of neuroleptic 
drugs in animals or man, which 
induce akinesia and catalepsy, fails to 
block the performance of learned tasks 
when sufficient stimulation and moti- 
vation are provided.’ One possible ex- 
planation for these phenomena is that 
under arousing conditions, an increase 
in the firing of residual dopaminergic 
neurons occurs, resulting in an in- 
crease in dopamine release.’ Consis- 
tent with this hypothesis are findings 
that in response to arousing stimuli, 
increases occur in the firing rate of 
substantia nigra pars compacta neu- 
rons and the release of dopamine in the 
striatum.*? 

This study was designed to test more 
directly the hypothesis that increased 
dopamine release from residual ni- 
grostriatal neurons mediates paradox- 
ical kinesia. Rats made akinetic and 
cataleptic by dopamine-depleting 
brain lesions were exposed to activat- 
ing situations, and we determined 
whether the phenomenon of paradox- 
ical kinesia was affected by the admin- 
istration of dopamine-receptor antag- 
onists. 


MATERIALS AND METHODS 
Animals 


Male albino Sprague-Dawley rats, which 
were either obtained from a commercial 
supplier (Zivic-Miller, Allison Park, Pa) or 
bred in our colony, weighed 200 to 300 g at 
the beginning of the experiments. The rats 
were housed individually in wire-mesh 
cages and were provided food (Purina Lab- 
oratory Chow pellets) and tap water ad li- 
bitum unless otherwise noted. The lights in 
the colony room were on between 8 AM and 
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8 pM. All testing was conducted when the 
lights were on. 


Brain Lesions 


Damage to nigrostriatal dopaminergic 
fibers was produced by injections of the se- 
lective neurotoxin 6-hydroxydopamine hy- 
drobromide (6-HDA, 200 or 250 ug) into the 
lateral cerebral ventricles. Only those rats 
receiving the larger dose of 6-HDA were 
pretreated with pargyline hydrochloride 
(40 mg/kg intraperitoneally [IP]), whereas 
all rats received desipramine hydrochloride 
(desmethylimipramine) (25 mg/kg IP) to 
block the uptake of 6-HDA by noradrener- 
gic terminals. Control rats received intra- 
ventricular injections of the vehicle solu- 
tion (0.1% ascorbic acid in 0.9% sodium 
chloride) plus the appropriate pretreat- 
ment. All drugs were obtained from one 
manufacturer (Sigma Chemical Co, St Lou- 
is, Mo), and doses are expressed as the free 
base. 

Animals were anesthetized with a com- 
bination of 4% chloral hydrate and 1% so- 
dium pentobarbital (Equithesin, 0.3 mL/ 
100 g IP) and placed in a stereotaxic instru- 
ment with the head adjusted so that the 
skull was level between lambda and breg- 
ma. A 50-uL glass syringe connected to a 
30-gauge cannula was used to administer 10 
uL to each ventricle (anterior, —1.0 mm; 
lateral, 1.5 mm, both from bregma; ventral, 
4.25 mm below the skull). A syringe pump 
provided a flow rate of 10 uL/8 min. One 
minute was allowed for equilibration of the 
system before beginning the infusion and 
before removing the cannula. 

Brain-damaged animals that became 
aphagic were fed a mixture of baby food 
(Purina Hi-Protein), powdered milk, and 
powdered hot chocolate mix in water three 
to five times per day via intragastric intu- 
bation. In addition, adipsic animals were 
injected with isotonic saline (5 mL subcu- 
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taneously) three times daily to maintain 
hydration. 


Activating Situation: Swimming 


Eighteen rats treated with 250 ug of 
6-HDA and 16 control animals were tested 
2 days after the intraventricular injections 
in a forced-swim paradigm. Animals first 
were tested for the presence of akinesia and 
catalepsy. Akinesia was defined as the ab- 
sence of locomotion for at least 120 seconds 
(ie, the animal failed to move all four paws 
when placed on a flat surface). Catalepsy 
was defined as the failure of an animal to 
remove its front paws from a 7-cm block or 
to jump onto the block within 120 seconds. 

Akinetie and cataleptic brain-damaged 
rats were given either haloperidol (McNeil 
Pharmaceutical, Spring House, Pa; 1 mg/kg 
IP) to block D, dopamine receptors" with 
or without an additional injection of SCH- 
23390 (Research Biochemicals, Inc, Natick, 
Mass; 0.3 mg/kg subcutaneously) to block 
D, dopamine receptors'*’ or an equivalent 
volume of 0.9% sodium chloride solution 
(n = 6 in each group). Likewise, vehicle-in- 
jected animals were tested for the presence 
of akinesia and catalepsy and then given 
either haloperidol (n = 6) or 0.9% sodium 
chloride solution IP (n = 6). Forty-five min- 
utes after injections of haloperidol or sa- 
line, and 20 minutes after SCH-23390 was 
given, the animals were tested again for 
akinesia and catalepsy and then were 
placed for 10 minutes in an 80-L aquarium, 
filled to a depth of 30 em with 36 to 38°C 
water. Preliminary testing had shown that 
whereas the swim performance of neuro- 
logically normal rats did not change signif- 
icantly over periods extending up to 4 hours, 
akinetic and cataleptic dopamine-depleted 
rats began to experience difficulty with the 
task after 10 to 15 minutes. The number of 
times a rat’s nose went under water and the 
total time spent swimming were measured 
each minute. Swimming was defined as 
rhythmic flexion and extension of the rear 
legs, typical of the mature swimming pat- 
tern of the rat.'* The akinesia and catalepsy 
tests were repeated just after the animals 
were removed from the aquarium and again 
2 minutes later. 


Activating Situation: Ice Bath Escape 


Because preliminary findings had re- 
vealed that 6-HDA-treated animals in- 
jected with haloperidol did not consistently 
escape from an ice bath without prior 
training, 24 neurologically normal rats 
were given 25 consecutive training trials at 
30-second intervals in which they learned to 
escape from a 3-cm-deep floating ice bath in 
a large plastic aquarium (57 X 46 X 30 cm 
high). All animals learned rapidly, usually 
escaping within 10 seconds after the third 
trial. In addition, most rats established a 
specific location from which they escaped. 
Three days after training, the rats were 
given intraventricular injections of either 
200 ug of 6-HDA (n = 12) or vehicle solution 
(n = 12). They were tested again in the 
floating ice bath 4 weeks later; by this time 
the 6-HDA-injected animals had recovered 
from their initial lesion-induced akinesia 
and catalepsy; therefore, 6 dopamine-de- 
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Fig 1.—Percentage of rats treated with 6-hydroxydopamine hydrobromide (6-HDA) and control 
rats given haloperidol that were akinetic and cataleptic before and after exposure to 10 minutes 
of swimming. Values are for groups of six to eight. 


pleted rats and 6 control animals were 
injected with haloperidol (1 mg/kg IP) to 
induce akinesia and catalepsy. Injections of 
0.9% sodium chloride were given to the re- 
maining 12 animals. The rats were given 
five successive trials, at 30-second intervals, 
to escape from the ice bath 45 minutes af- 
ter these injections. After these trials, the 
akinesia and catalepsy measures were re- 
peated. 


Neurochemical Analysis 


Three days after the experiments, ani- 
mals were killed by decapitation. The cor- 
pus striata from seven rats injected with 
250 wg of 6-HDA, six rats injected with 200 
ug of 6-HDA, and 11 rats injected with ve- 
hicle solution were removed and stored at 
—70°C prior to assay. The concentration of 
dopamine was determined by a modifica- 
tion of the methods of Keller et al’? and 
Mefford et al.” Briefly, superfusates and 
tissue samples were partially purified by 
alumina extraction. To each sample were 
added 100 uL of an internal standard, 3,4- 
dihydroxybenzylamine (DHBA), 10 mg of 
activated alumina,” and 300 uL of 1 mol/L 
of TRIS buffer (at a pH of 8.6) containing 0.2 
mmol/L of edetic acid (EDTA). After cen- 
trifugation and washing with dilute TRIS 
buffer (200 uL of 1 mmol/L of TRIS, at a pH 
of 8.6), catecholamines were eluted from the 
alumina with 200 uL of 0.1N perchloric acid. 


The perchloric acid eluate, 25 to 50 uL, was 
injected into a high-performance liquid 
chromatography system, and dopamine 
and DHBA were separated on a column 
(Novapak C18, Waters Associates, Milford, 
Mass). The dopamine content of the sam- 
ples was measured with an electrochemical 
detector (ESA Model 5100A Coulochem de- 
tector, ESA, Inc, Bedford, Mass) equipped 
with a glassy carbon electrode maintained 
at +0.38 V. The dopamine content in indi- 
vidual samples was quantified by integrat- 
ing the area under each dopamine peak 
(Waters 740 Integrator, Waters Assoc, Bed- 
ford, Mass) and comparing these areas with 
those produced by a standard dopamine so- 
lution. Dopamine values were corrected for 
recovery, which was 65% to 85%. 


Statistical Analysis 


The effects of the swim task on measures 
of akinesia and catalepsy were analyzed 
with the sign test for matched observations 
of a binomial distribution. The probability 
of an animal being akinetic after the swim 
was assumed to be .95, based on the pres- 
ence of akinesia before the swimming. All 
other results were evaluated by two-way 
analyses of variance with repeated mea- 
sures on one variable. Fisher’s Least Sig- 
nificant Difference Test was used for post 
hoc comparisons of means. 
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RESULTS 
Neurochemical and Behavioral 
Effects of 6-HDA 


Intraventricular injections of 250 ug 
of 6-HDA resulted in substantial de- 
struction of nigrostriatal fibers as 
measured by neurochemical assays 
performed at the end of the experi- 
ments. The mean (+SE) dopamine de- 
pletion was98% + 1% inthestriata of 
animals injected with 250 ug of 6- 
HDA, whereas injections of 200 ug of 
6-HDA resulted in dopamine deple- 
tions of 73% + 4%. 

After recovery from anesthesia, the 
6-HDA-treated rats were motionless 
in their home cage and exhibited a 
hunched posture with an arched back 
and splayed rear legs. However, they 
moved in reaction to loud noises, 
sniffed at objects placed immediately 
in front of them, and showed a brief 
increase in motor activity when han- 
dled for weighing or feeding. Animals 
receiving 250 ug of 6-HDA remained 
this way during the 5-day duration of 
the experiment. Because they were 
aphagic and adipsic, they lost weight 
precipitously and required intragas- 
tric intubation of nutrients. In con- 
trast, rats receiving 200 ug of 6-HDA 
ate the palatable food mix on the day 
after injection of 6-HDA and were 
consuming chow pellets and water 
when tested 1 month later. 

Rats made akinetic by large dopam- 
ine-depleting brain lesions swam well 
when placed in an aquarium for 10 
minutes. They did not swim normally, 
however. More specifically, these ani- 
mals maintained an almost vertical 
posture in the water and used both 
front and back legs to remain afloat. 
Occasionally, their hind feet would be 
grasped together in the midline or held 
in strange postures across the body or 
extended out to the side, whereupon 
the animals continued to swim by pad- 
dling with their front limbs until they 
were able to use their hind limbs again. 
In contrast, control animals planed 
their front legs under their bodies in 
the water and propelled themselves 
with alternating thrusts of the rear 
legs. 


Paradoxical Kinesia: 
Swimming 


To examine the role of dopamine in 
the phenomenon of paradoxical kine- 
sia, dopamine-depleted animals and 
intact control animals were injected 
with haloperidol (1 mg/kg IP) or with 
0.9% sodium chloride solution and 
placed in the water 45 minutes later. 
Although both groups of haloperidol- 
treated rats were akinetic and catalep- 
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Fig 2.—Time spent swimming each minute during 10-minute test conducted 2 days after intraven- 
tricular injections of 6-hydroxydopamine hydrobromide (6-HDA) or vehicle solution. Values are 


means + SEMs for groups of six animals. 
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Fig 3.—Frequency of an animal’s nose going under water each minute during a 10-minute swim- 
ming test conducted 2 days after intraventricular injections of 6-hydroxydopamine hydrobromide 
(6-HDA) or vehicle solution. Values are means + SEMs for groups of six animals. 


tic before being tested (Fig 1), all rats 
swam during most of the 10-minute 
test (Fig 2). 

The 6-HDA treatment impaired the 
ability of the rats to maintain them- 
selves above water as the test pro- 
gressed (group X time F[27,180] = 
1.86, P < .05, Fig 3). This effect was 
most pronounced in the 6-HDA- 
treated rats given haloperidol and was 
clearly visible within 3 minutes of 
swimming (Fisher’s Least Significant 
Difference Test = 4.93, P < .05). The 6- 
HDA-treated rats injected with 0.9% 


sodium chloride initially did not be- 
have differently from the control 
group or animals receiving haloperidol 
alone; however, during the last half of 
the test, they went under water signif- 
icantly more often than did the control 
group and the rats given haloperidol 
alone (P < .05), becoming comparable 
with the 6-HDA-treated animals in- 
jected with haloperidol. Nevertheless, 
rats in the two groups given 6-HDA 
treatments never remained under wa- 
ter for more than a few seconds. 
Rather, each submersion elicited 
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Fig 4.—Latency to escape from a floating ice bath before and 4 weeks after intraventricular in- 
jection of 6-hydroxydopamine hydrobromide (6-HDA). Some 6-HDA-treated rats and control rats 
were given haloperidol as noted. Values are means + SEMs over five trials for groups of six rats. 
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* Numbers in parentheses indicate the number of animals per group. 


strong swimming responses that 
brought the animals quickly back to 
the surface. 

The 6-HDA treatment by itself had 
no significant effect on the amount of 
time that the rats spent swimming. 
Haloperidol, in contrast, consistently 
decreased the amount of time spent 
swimming (F[3,20] = 5.86, P < .01, Fig 
2). 

The 6-HDA-treated rats given halo- 
peridol and SCH-23390 were akinetic 
and cataleptic, yet they also swam ef- 
fectively when placed in the aquarium. 
There were no significant differences 
between these brain-damaged rats and 
those treated with haloperidol alone 
with respect to the amount of time 
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Number of Dopamine-Depleted (L) and Control (C) Animals Injected With Haloperidol or 
0.9% Sodium Chloride Showing Five or More Separate Occurrences of a Given 
Behavior During a 5-Minute Test Period 20 Minutes After Administration of 5 mg/kg of 
Amphetamine Sulfate * 


Sodium Chloride Haloperidol 

—_——, “nr _»----———nr— "Ooms 

Behavior C (9) L (9) C (11) L (8) 
Still (0) O 11 8 
Locomotion 6 2 0 
Rearing 4 0 1 0 
Sniffing 9 6 0 0 
Licking 2 0 O (0) 
Gnawing 1 4 (0) (0) 
Swaying 1 0 0 (0 


O 
O 


spent swimming or the number of 
times the rats went under water 
(F[1,10] = 0.04, F[1,10] = 2.76, respec- 
tively; data not shown). 

The motor activity observed when 
animals were in the water continued 
for 1 to 2 minutes after removal from 
the aquarium (Fig 1). Sometimes this 
activity consisted of normal locomo- 
tion, running, rearing, and jumping. 
As often, however, the animals sped 
frantically on the countertop or exhib- 
ited ineffectual lurching movements 
that involved alternating extension 
and flexion of the limbs. Regardless, 
within 2 minutes all three groups of 
treated rats were akinetic and catalep- 
tic again (Fig 1). 


Paradoxical Kinesia: 
ice Bath Escape 


The phenomenon of paradoxical ki- 
nesia also was investigated in rats that 
were pretrained to escape from a 3-cm- 
deep floating ice bath in a 30-cm-deep 
aquarium to determine whether the 
phenomenon could include learned re- 
sponses or simply reflexive motor acts. 
The rats received intraventricular in- 
jections of 6-HDA or the vehicle solu- 
tion and were allowed to recover for 1 
month. Subgroups of the dopamine- 
depleted rats and the vehicle-injected 
controls were treated with haloperidol 
(1 mg/kg IP) 45 minutes before being 
retested in the ice bath. These animals 
became akinetic and cataleptic. Nev- 
ertheless, each animal rapidly escaped 
from the bath on all five trials (Fig 4). 
On 45 (75%) of the 60 trials the ani- 
mals escaped from the same location 
on the aquarium as they had in the 
initial training. The speed with which 
animals in all four groups escaped was 
comparable. Unlike the animals sub- 
jected to swimming, the two groups of 
haloperidol-treated rats did not show 
an increase in motor activity after they 
escaped from the ice bath, but instead 
they remained motionless on the coun- 
tertop until they were returned to the 
aquarium. 


Effect of Haloperidol on 
Amphetamine-Induced Stereotypy 


Finally, we wished to determine the 
completeness of the dopamine- 
receptor blockade produced by halo- 
peridol. Rats were pretreated with the 
antagonist and tested in an activating 
situation as described above. Five to 10 
minutes later, the rats were given dex- 
troamphetamine sulfate (5 mg/kg IP) 
and, after an additional 25 minutes, 
they were observed for stereotypic 
movements, rearing, and locomotion 
as defined by Fray et al.” All rats 
injected with haloperidol remained 
motionless, whereas those animals in- 
jected with 0.9% sodium chloride so- 
lution showed increased locomotion, 
sniffing, grooming, licking, and gnaw- 
ing after the amphetamine treatment 
(Table). 


COMMENT 


The present results confirm previous 
observations that akinetic dopamine- 
depleted rats exhibit appropriate mo- 
tor performance when placed in an ac- 
tivating situation.‘ However, the 
findings do not support the hypothesis 
that this paradoxical kinesia is depen- 
dent on enhanced functioning of resid- 
ual nigrostriatal dopaminergic neu- 
rons under stressful conditions. Ani- 


Paradoxical Kinesia—Keefe et al 1073 


mals with large 6-HDA-induced 
depletions of striatal dopamine were 
additionally given haloperidol, and the 
induced blockade of dopamine recep- 
tors made it highly unlikely that re- 
sidual dopamine could mediate move- 
ment. Indeed, the combined 6-HDA 
and haloperidol treatments com- 
pletely eliminated motor behavior un- 
der basal conditions and in response to 
amphetamine. Nevertheless, these an- 
imals consistently behaved appropri- 
ately when exposed to activating 
situations. Thus, despite near-total 
dopamine depletion and haloperidol 
treatment, rats swam and stayed 
afloat when placed in a deep water bath 
and escaped from a shallow ice bath by 
jumping out of a 30-cm aquarium. 
These findings suggest that dopamine 
is not involved in the restoration of 
motor activity under the activating 
conditions used in these studies. 

One possible explanation for the 
preserved phenomenon is that halo- 
peridol, which is known to be effective 
in blocking D, dopamine receptors, 
failed to eliminate completely the ef- 
fects of dopamine on D, receptors, and 
that those latter effects mediated the 
paradoxical kinesia. However, the pos- 
sibility that D, activation was respon- 
sible for the phenomenon seems un- 
likely. Although selective blockade of 
D, receptors is reported to inhibit con- 
ditioned avoidance responding, it does 
not block escape performance in 
rats."°* Moreover, combined treat- 
ment with haloperidol and the D, 
dopamine receptor antagonist, SCH- 
23390, failed to block paradoxical ki- 
nesia when dopamine-depleted rats 
were placed in the water. 

If the paradoxical kinesia is not de- 
pendent on dopamine, then other ex- 
planations should be considered for 
this phenomenon. One possibility is 
that the behaviors continue to be me- 
diated by striatal integration of sen- 
sory and motor information despite 
the loss of dopamine. It has been hy- 
pothesized that dopamine functions as 
a neuromodulator in the striatum, po- 
tentiating the response of striatal neu- 
rons to specific afferent signals.2*° 
Each sensory stimulus is thought to 
have two effects: one is to activate 
those neurons or pathways involved in 
the specific behavioral response and 
the second is a nonspecific effect in 
which the stimulus, acting through the 
nigrostriatal dopaminergic neurons, 
decreases the basal firing of striatal 
neurons while increasing the respon- 
siveness of those same neurons to the 
specific signal. Thus, in the absence of 
dopamine, striatal neurons would be 
much less responsive to the specific 
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signal, and consequently a more in- 
tense signal would be required to elicit 
a response. Consistent with this for- 
mulation are observations that 
dopamine-depleted rats seem to re- 
quire greater sensory stimulation to 
respond to various stimuli than do 
neurologically normal animals.>468 In 
this experiment, this may have mani- 
fested itself in the tendency of the 
haloperidol-treated rats to spend rela- 
tively little time swimming until their 
noses went under water, whereupon a 
more intense stimulus resulted and 
elicited renewed swimming. 

Alternatively, the occurrence of par- 
adoxical kinesia in dopamine-depleted 
animals might involve continued stri- 
atal mediation of behavior with neu- 
romodulation of the signals by a dif- 
ferent chemical agent. The monoam- 
ines generally are regarded as 
neuromodulatory,” raising the possi- 
bility that either norepinephrine or 
serotonin could act to facilitate infor- 
mation flow through the striatum 
when dopamine-depleted animals are 
exposed to activating situations. How- 
ever, it seems unlikely that norepi- 
nephrine could act in this capacity be- 
cause the noradrenergic innervation of 
the striatum is small. Although the 
serotonergic innervation of the nigro- 
striatal system is much more exten- 
sive, changes in the firing rate of sero- 
tonin-containing neurons in the dorsal 
raphe nucleus or in serotonin content 
in the striatum have not been observed 
during stress.2°?! 

A possible alternative to continued 
striatal mediation of behavior during 
paradoxical kinesia is the involvement 
of different neural pathways, unused 
except during periods of emergency or 
stress. In this regard, behaviors such 
as walking, swimming, climbing, and 
rearing can be mediated by the spinal 
cord, brain stem, and cerebellum.” 
However, the possibility that the phe- 
nomenon of paradoxical kinesia re- 
flects the manifestation of such basic 
motor patterns is difficult to reconcile 
with the performance of brain-dam- 
aged rats in the ice bath escape situa- 
tion. These animals continued to es- 
cape from the same location on the 
aquarium as they had during training 
despite dopamine-depleting brain le- 
sions and injections of haloperidol. 
Even if elements of the escape behav- 
ior were due to patterns of activity in 
lower levels of the central nervous 
system, the dependence of a successful 
response on prior training and the 
apparent maintenance of the idio- 
syncratic response learned in train- 
ing suggest a critical involvement 
of cortical or higher subcortical struc- 


tures in this behavior. These observa- 
tions, together with comparable 
findings reported previously and 
the known ability of sufficient stim- 
ulation to elicit learned responses 
in patients given neuroleptic drugs, 
all suggest that the behaviors in- 
volved do not simply reflect reflexive 
motor acts. Instead, the mediation 
of behavior could involve one of a 
number of neural pathways, such 
as the hippocampal/amygdala-accum- 
bens-subpallidal pathway thought to 
be involved in the integration of limbic 
and motor system function.” 


CONCLUSION 


The phenomenon of paradoxical ki- 
nesia in 6-HDA-treated rats does not 
seem to rely on dopamine release from 
residual nigrostriatal neurons. Also, it 
does not seem likely that the phenom- 
enon is the manifestation of reflex re- 
sponses mediated by lower levels of the 
central nervous system. Rather, the 
appearance of appropriate motor re- 
sponses under activating conditions 
may reflect continued striatal integra- 
tion of the more intense sensory input 
without dopaminergic modulation or 
sensorimotor integration elsewhere in 
the brain. Delineation of the mecha- 
nism involved in the restoration of 
motor function under activating situ- 
ations may provide insight into the in- 
teractions between stress and perfor- 
mance in patients with Parkinson’s 
disease. 


This study was supported by Public Health 
Service grants NS19608 and MH29670, Washing- 
ton, DC. 
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February 26-27-28, 1990 


(Simultaneous with the 
Steamboat Neurosurgical Symposium 
February 27-March 2, 1990.)* 






“Modern Dissection Techniques Of 


Bone, Biometals, Bioceramics, and Bioplastics” pity 
(NEURO 700/ORTHO 700) (Separate Hands-On Sessions) 


SYMPOSIA/HANDS-ON WORKSHOPS for NEUROSURGEONS and ORTHOPAEDIC SURGEONS 


(Plastic, ENT, Craniofacial and Maxillofacial surgeons may attend the neurosurgical conference.) 


sponsored by MIDAS REX™ Institute Course Directors: Susan Mitchell, Ed.D. 


Norman McDaniel, Ph.D. 
SYMPOSIUM FORMAT 


WORKSHOPS: 7:00 a.m. - 1:00 p.m. each day. An intensive CREDITS: CME Credit Available. 
series of hands-on exercises utilizing appropriate animal 
bones, skeletal bones, etc.: 


Neurosurgeons—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 










COURSE LOCATION AND ACCOMMODATIONS: Sheraton 
Steamboat Resort, 2200 Village Inn Court, Steamboat Springs, 
CO 80477. Phone: 303-879-2220 or 800-325-3535. 







ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 











Orthopaedic Surgeons—dissection in small bones, large 
bones, spines, joint replacement, revision surgery, methyl- 
methacrylate, polyethylene, and biometals, including 

broken stem extraction. 








(with letter from Department Head); All Operating Room Per- 
sonnel (RN/CST/PA/Other) $250.00. Make check to “Steamboat 
Symposium.” Mail to: Midas Rex Institute, 2929 Race Street, 
Fort Worth, Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,300 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,700 Orthopaedic Surgeons; 1,500 Neurosurgeons; 2,100 OR Personnel) 
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“At the request of the Steamboat Neurosurgical Symposium, the Midas Rex Hands-On Worksho 


schedule. For enrollees in the Midas Rex Neurosurgical Hands-On Workshop, there is no addit 
separate enrollment must be sent to each course. Enclose the Midas Rex course fee with that 


p overlaps some of the Symposium. Enrollees in the Midas Rex Neurosurgical 


Hands-On Workshop should meet the schedule of that workshop, but may attend the Neurosurgical Symposium when there is no conflict with the Midas Rex Workshop 
ional fee for participation in the Steamboat Neurosurgical Symposium, but a 
enrollment; indicate on the Steamboat Neurosurgical Symposium enrollment 


that you are enrolling in the Midas Rex Hands-On Workshop. 













529 25th Street 





NEUROSURGICAL SYMPOSIA (NEURO 700) 
NOVEMBER 16-17-18 + 30-Dec. 1-2 
DECEMBER 14-15-16, 1989 
JANUARY 11-12-13 + 29-30-31, 1990 


WORKSHOPS: The workshops are held each day from 7:00 a.m. 
to 1:00 p.m. They will emphasize a series of structured exercises, 

utilizing appropriate animal bones, bioplastics and biometals. 
NEUROSURGEONS—dissection skills for bonework of the cranium 









plicable to neurosurgery. 
OR PERSONNEL—dissection skills to become familiar with the appli- 
cations of power instrumentation; discussion of and participation in 
problem solving, care, and proper mainte- „a 
nance of power equipment. 
AREA ATTRACTIONS: 
SPECTATOR SPORTS—Baseball, Jai Alai, 
Greyhound Racing, Polo, Golf, Tennis, 
Sailing. # | 
PARTICIPANT SPORTS—Golf, tennis, swim- | 
ming, sailing, racquetball. ` 
SIGHTSEEING—Lion Country Safari, White- a 
hall (Henry Flagler mansion), Hibel Museum 4; | 
of Art, Science Museum, Morikami Museum, = 
Norton Art Gallery, Society of the Four Arts. 
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MIDAS REX™ Institute 
HANDS-ON WORKSHOPS * 





“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 

Also Plastic, ENT, Craniofacial, Maxillofacial, etc. 
FEBRUARY 12-13-14 + 22-23-24, 1990 
MARCH 8-9-10 » 26-27-28, 1990 
APRIL 9-10-11 + 23-24-25, 1990 


OR PERSONNEL SYMPOSIUM (ORP 700) 
For OR Personnel only: 
MARCH 29-30-31, 1990 


SHOPPING—In the old world style is Worth Avenue with some of 
the best boutiques in the world and many other malls and stores 
throughout Palm Beach County. 

DINING—There are 2,000 restaurants to choose from in the area 
with many boasting 5 star ratings. 


ENROLLMENT: Fee (US$): Surgeon $965.00: Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other) $250.00. Make check to “Palm Beach Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. 

Phone: 800-433-7639 or 817-831-2604. 












Join the more than 7,600 enrollees who have completed Midas Rex Hands- 
On Workshops. (3,800 Orthopaedic 
Surgeons; 1,600 Neurosurgeons; 2,250 


OR Personnel) ten 







he LOM he A Attn ty diy tM red 


“Photo Crédit: West Palm Beach Convention and Tourism S MEEN 








Estimating the Importance of Epileptiform 
Abnormalities Discovered on Cassette 
Electroencephalographic Monitoring 


Samuel L. Bridgers, MD; Peter B. Wade, MD; John S. Ebersole, MD 


èe Assessment of the importance of in- 
terictal epileptiform abnormalities discov- 
ered with cassette electroencephalo- 
graphic (EEG) monitoring requires some 
appreciation of the frequency with which 
such abnormalities may be encountered in 
individuals without epilepsy. From a clini- 
cal experience involving more than 2500 
patients, we have defined a group of 184 
patients referred because of headache, 
with no additional referral information to 
suggest seizures. Only one (0.5%) of these 
patients had epileptiform abnormalities on 
cassette EEG, yielding 95% and 99% con- 
fidence limits for the incidence of epilep- 
tiform abnormalities in the unselected 
nonepileptic headache population of 1.5% 
and 1.8%. Presuming that the incidence of 
cassette EEG epileptiform abnormalities 
in the healthy population would be no 
higher than in this patient group, we sug- 
gest that epileptiform abnormalities are no 
more likely to be incidental findings on 
cassette EEG monitoring than on routine 
EEG. Consequently, the detection of such 
abnormalities seems a worthwhile aspect 
of cassette EEG interpretation when the 
goal of monitoring is the detection of evi- 
dence to support a diagnosis of epilepsy. 

(Arch Neurol. 1989;46: 1077-1079) 


The principal value of cassette elec- 

troencephalographic (EEG) moni- 
toring lies in the enhanced opportunity 
to detect and confirm actual EEG sei- 
zure activity. However, recording 
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through overnight sleep also enhances 
the likelihood of detecting interictal 
epileptiform abnormalities. Uncer- 
tainty exists over the diagnostic 
weight that should be attached to such 
findings, because epileptiform abnor- 
malities may be detected in occasional 
individuals without epilepsy.'! We have 
previously found a 60% increase in the 
detection of epileptiform abnormali- 
ties with cassette EEG monitoring 
compared with routine EEG. Does 
this increase reflect only enhanced de- 
tection in seizure patients, or is there 
a similar or even greater increase in 
the yield of epileptiform abnormalities 
in individuals without epilepsy? Only a 
screening cassette EEG study of sub- 
stantial numbers of individuals with 
no clinical suggestion of epilepsy will 
establish unequivocally the rate at 
which “incidental” epileptiform ab- 
normalities will be encountered. Lack- 
ing such a prospective evaluation, it 
seemed reasonable to us to examine 
results in the referral group with the 
lowest yield, presuming that no popu- 
lation of patients with episodic com- 
plaints is likely to have a lower inci- 
dence of epileptiform abnormalities 
than the healthy population. During 
the course of recent examination of our 
clinical experience over several years, 
directed at other issues,** we uncov- 
ered a substantial number of patients 
referred because of headache, with no 
positive findings unless there were 
other indications of epilepsy. With 
continued observation, we have ac- 
quired an experience with this patient 
group that is suitable for statistical 
analysis. 


PATIENTS AND METHODS 


Data for analysis were obtained from re- 
view of referral information, patient dia- 
ries, and interpretation results for more 
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than 2500 patients undergoing cassette 
EEG monitoring for clinical purposes be- 
tween October 1981 and January 1989. Re- 
cordings were obtained using either one of 
two cassette recorders (the Oxford 4-24 or 
the Oxford 9000), with interpretation based 
on rapid review using the appropriate play- 
back device. All interpretations were pro- 
vided by the authors, using techniques we 
have previously described and validated.*’ 
Cassette EEG montages, also previously 
described and validated, provided bilateral 
frontotemporal coverage in a circumfer- 
ential arrangement intended to enhance 
detection of interictal epileptiform abnor- 
malities. Eight-channel montages also pro- 
vided frontocentral scalp coverage. Re- 
curring interictal spikes, phase-reversing 
sharp waves, spike/slow wave discharges, 
and sharp/slow wave complexes were con- 
sidered epileptiform abnormalities, and the 
identification of epileptiform abnormalities 
has been a standard component of our 
interpretive process. We distinguish such 
abnormalities from actual EEG seizure ac- 
tivity, a label we generally reserve for dis- 
crete paroxysms lasting 5 seconds or longer, 
although briefer discharges may be ac- 
cepted as seizures if they are clearly accom- 
panied by clinical symptoms. 

From the entire series, we identified pa- 
tients with specific indication by the refer- 
ring physician that cassette EEG was re- 
quested because of a complaint of headache, 
but lacking any other indication of epilepsy. 
This eliminated patients with a confident 
indication of prior seizures by the referring 
physician, patients receiving antiepileptic 
medication, and patients reporting clinical 
episodes other than headaches that might 
reasonably be seizures (eg, staring spells). 
Interpretation results on these patients 
were examined for the presence of epilepti- 
form abnormalities. From monitoring dia- 
ries, we identified patients reporting head- 
aches during cassette EEG recording, 
whether or not headaches were the reason 
for referral. Numbers of recorded head- 
aches were tabulated and correlated with 
interpretation of cassette EEG during 
these episodes. Statistical analysis utilized 
the standard formulas for calculation of 
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confidence limits on proportions and prob- 
ability in the binomial distribution.* 


RESULTS 


We identified 184 patients appar- 
ently referred for cassette EEG mon- 
itoring because of headache with no 
other indications of epilepsy. These 
patients ranged in age from 3 to 78 
years (mean age, 31 years) and in- 
cluded only eight children, aged 10 
years or less. Only one such patient 
with epileptiform abnormalities was 
identified: a 17-year-old boy who had 
recurring left frontotemporal sharp/ 
slow wave complexes during sleep. 
Subsequent discussion with the refer- 
ring physician confirmed that this pa- 
tient had no episodic complaints other 
than headache and failed to reveal any 
other historical factors that might 
have accounted for the epileptiform 
activity. This patient experienced no 
actual headache episodes during cas- 
sette EEG monitoring. Thus, the inci- 
dence of cassette EEG epileptiform 
abnormalities in this sample was 
0.5%, and 95% and 99% confidence 
limits on the incidence in the popula- 
tion represented by the sample were 
1.5% and 1.8%. 

We identified 262 patients, including 
93 of those in the headache referral 
group, reporting 705 discrete episodes 
of headache during cassette EEG mon- 
itoring (range, 1 to 26 episodes). The 
mean age of patients reporting head- 
aches was 30 years, and only five pa- 
tients were aged 10 years or less. None 
of the reported headache episodes 
were accompanied by cassette EEG 
seizure activity. According to the bi- 
nomial distribution, there would have 
been a 97% probability of encounter- 
ing at least one such episode accompa- 
nied by EEG seizure activity in a sam- 
ple of this size if the incidence of head- 
aches associated with seizure activity 
was as high as 0.5%. 


COMMENT 


The problem of epileptiform abnor- 
malities in individuals without epi- 
lepsy is thought by some to bedevil all 
attempts to use interictal EEG data in 
securing the diagnosis. The true fre- 
quency with which this phenomenon 
will be encountered is not clear, since 
previous explorations have drawn on 
varied populations and have employed 
varying definitions of just what con- 
stitutes epileptiform activity. It is 
clear that the incidence will be higher 
in children,” and will be higher in pa- 
tients referred for EEG" than in 
military recruits or other healthy 
adults recorded for population-based 
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studies." Among patients without 
epilepsy, factors such as demonstrable 
brain injury or disease, metabolic dis- 
turbances, and drug therapy or drug 
withdrawal may account for many of 
the epileptiform abnormalities ob- 
served. Goodin and Aminoff” have 
argued eloquently that, despite the 
numerical excess of epileptiform ab- 
normalities in individuals without ep- 
ilepsy, the sensitivity and specificity of 
epileptiform abnormalities for epi- 
lepsy are sufficient to support the im- 
portance of their discovery on routine 
EEG in individuals suspected to have 
epilepsy.” However, these authors 
have also urged caution in projecting 
from the experience with conventional 
EEG to assess the importance in in- 
terictal epileptiform abnormalities 
discovered with cassette EEG moni- 
toring, since the increased temporal 
sample might well result in a substan- 
tial increase in detection of incidental 
epileptiform abnormalities." 

Our results suggest that the inci- 
dence of cassette EEG epileptiform 
abnormalities in individuals without 
epilepsy is not likely to be substan- 
tially higher than the incidence of such 
abnormalities on routine EEG. Accep- 
tance of these results relies on one’s 
willingness to accept the notion that 
any patient group defined by referral 
characteristics is likely to have a 
higher incidence of epileptiform ab- 
normalities than the healthy popula- 
tion. Although the reported associa- 
tion of migraine and epileptiform ac- 
tivity is not universally accepted,” 
there seems little chance that unse- 
lected headache patients, including 
some specifically referred with a clin- 
ical impression of migraine, would 
have a lower incidence. On the other 
hand, we would not expect to uncover 
a high incidence of epileptiform abnor- 
malities in unselected headache pa- 
tients because of the presence of un- 
recognized epilepsy. We have previ- 
ously found near-complete correlation 
of simultaneous cassette EEG and ca- 
ble telemetry in the detection of sei- 
zure activity.*’ In the current analysis, 
no clinical events characterized simply 
as headaches were accompanied by 
cassette EEG seizure activity, and the 
numbers encountered are sufficient for 
us to project that no more than 0.5% of 
headaches in general could reasonably 
be accompanied by scalp-recorded sei- 
zure activity. In contrast, we have 
found more than 50% of episodes char- 
acterized as seizures by patients or ob- 
servers in monitoring diaries to be ac- 
companied by cassette EEG seizure 
activity.‘ Thus, we feel confident that a 
group of patients referred for evalua- 


tion of headache with no other clinical 
indication that seizures have occurred 
is a group of patients very unlikely to 
have epilepsy. 

In just such a group, we have found 
an incidence of epileptiform abnor- 
malities of only 0.5%, and statistical 
analysis indicates that the incidence 
within the population that this head- 
ache group represents is virtually cer- 
tain to be less than 2%, and reasonably 
unlikely to be higher than 1.5%. In 
comparison, we have found epilepti- 
form abnormalities in about 40% of 
patients referred with a clinical diag- 
nosis of prior seizures and in about 
80% of those also found to have actual 
EEG seizure activity during 
monitoring.** Finally, we have found a 
9% incidence of epileptiform abnor- 
malities among patients referred for 
cassette EEG without a confident clin- 
ical indication that episodic com- 
plaints represented seizures.’ It ap- 
pears that at least three quarters, and 
probably more than 80%, of epilepti- 
form abnormalities thus discovered 
could be taken as positive evidence to 
support an epilepsy diagnosis. Under 
these circumstances, we believe that 
epileptiform abnormalities are clearly 
worthy of definition during the course 
of cassette EEG interpretation. Of 
course, epileptiform abnormalities 
alone will never prove the diagnosis, 
but recognition of their presence can 
be particularly useful when taken 
within the context of an individual pa- 
tient’s total presentation. Most of the 
2.2% of patients without seizures who 
were found to have epileptiform ab- 
normalities in the large series of Zivin 
and Ajmone-Marsan" had readily de- 
fined additional factors that could ac- 
count for the abnormalities. When 
such factors are not present, and the 
patient does have an episodic com- 
plaint that might reasonably repre- 
sent seizure activity, and epileptiform 
abnormalities are discovered during 
sleep on cassette EEG monitoring, the 
presence of those abnormalities is 
plainly important. 

In assessing our results, certain ca- 
veats must be kept in mind. Our head- 
ache group included few children, and 
our recording montages include no oc- 
cipital representation. Alteration of 
either of these circumstances, and par- 
ticularly alteration of both together, 
would likely result in a higher inci- 
dence of “nonepileptic” epileptiform 
abnormalities. 

Parenthetically, we must acknowl- 
edge that our experience with cassette 
EEG monitoring of headache patients 
offers no support for the employment 
of the technique in this patient group. 
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We have not encouraged the referral of 
such patients, and are unsure why so 
many have come our way. However, it 
must also be noted that the failure to 
detect evidence of epilepsy does not 
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Autoscopic Phenomena With Seizures 


Orrin Devinsky, MD; Edward Feldmann, MD; Kelly Burrowes, MD; Edward Bromfield, MD 


e We report the cases of 10 patients 
with seizures and autoscopic phenomena, 
which include seeing one’s double and 
out-of-body experiences, and review 33 
additional cases of autoscopic seizures 
from the literature. Autoscopic phenom- 
ena may be symptoms of simple partial, 
complex partial, or generalized tonoclonic 
seizures. Autoscopic seizures may be 
more common than is recognized; we 
found a 6.3% incidence in the patients we 
interviewed. The temporal lobe was in- 
volved in 18 (86%) of the 21 patients in 
whom the seizure focus could be identi- 
fied. There was no clear lateralization of 
lesions in patients with ictal autoscopy. 
The response of autoscopic episodes to 
treatment usually paralleled that of the 
underlying seizure disorder. Autoscopic 
phenomena are likely to be discovered 
only on specific questioning of patients 
with epilepsy and may be an important, 
distressing feature of a chronic seizure 
disorder. 

(Arch Neurol. 1989;46:1080-1088) 


Autoscopy is the hallucination or psy- 

chic experience of seeing oneself. 
There are two principal forms of auto- 
scopic phenomena. The first, seeing 
one’s double, is a “complex psychosen- 
sorial hallucinatory perception of 
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one’s own body image projected into 
external visual space.’ The subject’s 
consciousness is usually perceived 
within his body. The second, an out-of- 
body experience, is the feeling of leav- 
ing one’s body and viewing it from an- 
other vantage point, usually from 
above. In this instance, consciousness 
is typically experienced from outside 
the subject’s body. There are addi- 
tional forms of “double consciousness” 
(ie, depersonalization, also called 
mind-body dissociation or detach- 
ment) in which two psychic entities are 
perceived within a single body or the 
subject’s consciousness is experienced 
outside the body without visualization 
of oneself. These intermediate experi- 
ences may be related to autoscopy, 
since both types of disturbances can 
occur in the same person and may be 
provoked by similar stimuli (eg, near- 
death experience or seizures). In some 
cases, nonvisual depersonalization 
phenomena are transitional states 
preceding autoscopy. 

Autoscopic phenomena occur in 
healthy persons and in persons with a 
variety of pathologic states. Anxiety 
and fatigue increase the propensity to 
autoscopy in healthy persons. Out- 
of-body experiences are reported in up 
to 50% of subjects interviewed after 
near-death encounters such as drown- 
ing and automobile accidents.? Auto- 
scopic phenomena also occur during 
dreams.’ We report herein the cases of 
10 patients in whom autoscopic phe- 
nomena occurred in association with 
seizures and review 33 additional cases 
from the literature. 


PATIENTS AND METHODS 


We prospectively interviewed 158 pa- 
tients with seizures from New York Hospi- 
tal, New York, NY (N=65); Memorial 
Sloan-Kettering Cancer Center, New York 


(N = 13); and the National Institute of Neu- 
rological Disorders and Stroke, Bethesda, 
Md (N = 80). There were 131 patients with 
partial seizures and 27 patients with gen- 
eralized seizures. Patients with possible 
psychogenic seizures and those with ques- 
tionable reliability of responses (eg, intel- 
lectual or psychiatric impairment) were 
excluded. Patients were obtained noncon- 
secutively at the New York Hospital and 
Memorial Sloan-Kettering Cancer Center 
inpatient and outpatient services because 
time constraints made it impossible to in- 
terview all patients with epilepsy. There 
was no selection of patients because of un- 
usual symptoms or psychiatric illness. Pa- 
tients seen by private attending neurolo- 
gists and by the general neurology service 
were included. At the National Institute of 
Neurological Disorders and Stroke, all in- 
patients and outpatients with epilepsy seen 
by one of us (O.D.) from July 1986 through 
August 1987 were included. 

A modified Paroxysmal Psychosensory- 
Psychomotor Interview was administered.‘ 
The structured interview surveys ictal and 
interictal symptoms. Ictal symptoms were 
defined as those occurring within 2 minutes 
of a focal motor, complex partial, or gener- 
alized tonoclonic seizure. Patients were 
questioned specifically about the occur- 
rence of autoscopic phenomena. A symptom 
was considered present only if the patient 
was certain about its occurrence and it 
could not be accounted for by any other 
neurologic, psychologic, environmental, or 
medical cause. Only intense, time-limited 
symptoms with sudden onset were included. 
If there was any uncertainty about the 
presence of a symptom or the circum- 
stances in which it occurred, it was consid- 
ered not present. Symptoms associated 
with drowsiness or sleep, use of medication 
or alcohol, drug abuse, stress, or postural 
change were specifically excluded. 

Ten (6.3%) of the 158 patients reported 
autoscopy as an ictal or postictal (see case 
8) symptom, and all were subsequently in- 


terviewed again in person or by telephone to + 


obtain more details concerning the auto- 
scopic phenomena. The autoscopic experi- 
ences of these patients are described below. 
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REPORT OF CASES 

Case 1.—A 31-year-old woman had com- 
plex partial and generalized tonoclonic sei- 
zures begin 1 month after an automobile 
accident at age 21 years. The accident was 
complicated by severe head trauma with 
loss of consciousness for 2 hours followed by 
anterograde amnesia lasting at least 24 
hours. At the time of the accident, she “left 
her body” and saw from above that it was 
lying in a pool of blood in the car. She then 
saw herself get up and walk around the car 
and begin banging on the driver’s window. 
She felt that her mind was completely sep- 
arate from her body and that she did not 
share any emotion, intellect, or kinesthesia 
with the body below. She observed a man 
who instructed her body to get back into the 
car, which the body did, and it assumed its 
original position. A girlfriend who was at 
the scene of the accident later told her that 
she was found in the position she described 
(the patient never having left the car). 
When her body had returned to its injured 
position, the voice of an unrecognizable 
older man told her, “Don’t go, come back 
and have achild.” She then argued with the 
voice because she wanted to stay in this new 
situation and find out about all of her 
friends and family who had died. The voice 
told her that she must come back and have 
a child and then asked her if she would pre- 
fer a boy or a girl. 

Her next memory is waking up in the 
hospital. She recovered and went home, and 
1 month later she had a generalized tono- 
clonic seizure. One month after this, she 
had another generalized tonoclonic seizure 
that was preceded by nausea, fear, “a smell 
like death,” and the same man’s voice tell- 
ing her that he wanted to take her away 
from her body; this was followed by a feel- 
ing of separation from her body. These 
thoughts and feelings lasted approximately 
30 seconds. 

Currently, she has an out-of-body aura in 
which there may be only mind-body disso- 
ciation or visualization of her body from 
above. During the aura, she clearly sees her 
body; it is dressed in the same clothes she is 
wearing and appears motionless. The aura 
may occur alone or progress to behavioral 
arrest with a blank stare, lip smacking, 
swallowing movements, and then scream- 
ing, “Save me, save me!” or a generalized 
tonoclonic seizure. Complex partial sei- 
zures, with or without secondary generali- 
zation, occur approximately once a month. 
The patient feels that the out-of-body aura 
is the most distressing part of her seizures. 

The neurologic examination revealed no 
abnormalities. Computed tomographic 
(CT) scan of the skull, with and without 
contrast enhancement, was normal. There 
was right posterior temporal spike activity 
with mild background slowing on the elec- 
troencephalogram (EEG). 

Case 2.—A 36-year-old woman has had a 
1-year history of auras progressing to gen- 
eralized tonoclonic seizures following re- 
section of a left frontal arteriovenous mal- 
formation. The episodes involve a sensation 
of fear followed by a “floating feeling” in 
which she moves “up above myself.” Half of 
the attacks progress to generalized tono- 
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clonic seizures that occur once or twice a 
month. During the aura, she feels herself 
move up to a corner of the room, like 
“sitting in a cloud.” Looking down at her 
body, she sees herself dressed in the same 
clothes she is wearing and moving as if a 
mirror image. Her body and its facial ex- 
pressions appear very clearly. Usually, she 
sees herself lying on the bed or couch. Her 
body appears solid but does not cast a 
shadow. She feels that the mind up above 
and the body below share emotionality, in- 
tellect, and movements. Her medical his- 
tory is remarkable for meningitis as a child. 

The neurologic examination revealed 
right-sided hyperreflexia. The EEG showed 
intermittent delta activity over the left 
frontotemporal region. Skull CT scan and 
angiogram were unremarkable except for a 
left frontotemporal surgical clip with min- 
imal postsurgical changes. She continues to 
have auras and secondary generalized sei- 
zures despite therapeutic blood levels of 
carbamazepine and phenytoin sodium. 

Case 3.—A 33-year-old man has had a 
history of generalized tonoclonic seizures 
since the age of 18 months. During child- 
hood, he often had episodes of looking 
“spacey” and was not responsive to verbal 
commands from family members. When he 
reached puberty, the seizures were pre- 
ceded by feelings of nausea, fear, and de- 
tachment from his body. He described the 
detached feeling as having a “third eye,” in 
which he could “take on the perspective of 
someone else” and observe his body from 
outside. He also had stereotyped auras 
without secondary generalized seizures. On 
several occasions, these auras took the form 
of a beeping sound and purple lights flash- 
ing or swirling throughout his visual field. 
The seizures occurred at the rate of four a 
month. 

At the age of 27 years, skull CT scan and 
angiogram revealed an arteriovenous mal- 
formation in the right temporal lobe that 
was successfully resected. The preoperative 
EEG showed right temporal epileptiform 
activity. The patient has been seizure free 
and aura free ever since. 

CasE 4.—A 29-year-old man has had a 
history of seizures since the age of 12 years. 
Episodes of suddenly falling asleep with 
unresponsiveness for 30 minutes occurred 
once a month until age 13 years when he 
suddenly had a generalized tonoclonic sei- 
zure. Subsequently, seizures began with a 
“nasty taste,” thick saliva, light-headed- 
ness, nausea, and a feeling that his “body 
was empty.” The seizures always pro- 
gressed to loss of consciousness. When 
asked to describe what he meant by his body 
feeling empty, he said “it was a feeling like 
a part of me was missing, and this would 
move from my chest up to my head.” He said 
that he would then feel as though he were 
ascending to the corner of the room. From 
there, he could look down at his body, while 
feeling very cold and light-headed. The 
body below lay motionless on the floor or 
bed, while the “mind above” could move 
around the house and see the other family 
members in various rooms. He clearly saw 
the body below; it was not transparent and 
did cast a shadow. The body was dressed in 


Autoscopic Phenomena—Devinsky et al 


the same clothes he was wearing, but curi- 
ously always had combed hair even when he 
knew his hair was uncombed before the on- 
set of the episode. He felt that the mind 
above and the body below shared all 
thoughts, feelings, and kinesthesia, al- 
though in some unexplainable way they 
both took up separate physical spaces. He 
had these out-of-body episodes with almost 
every aura and felt that they were the most 
distressing component of the seizures. The 
patient has been seizure free since his med- 
ication was changed from phenytoin to 
phenobarbital sodium 6 years ago. 

Case 5.—A 35-year-old woman has had 
absence seizures from 8 to 15 years of age 
and approximately two generalized tono- 
clonic seizures a month since age 14 years. 
During a seizure when she was alone in a 
hotel room, her thrashing separated the 
twin beds and she fell to the floor, becoming 
progressively tangled in the bedding. She 
became “strangely aware” that she was 
suffocating and might die. She then saw a 
“light move from my body on the floor. It lit 
up the room, and rested up in the corner. 
Somehow, I became the light source up 
above.” She then looked down and saw her 
body, with jerking movements in all four 
extremities, tangled up in the sheets. A 
man’s voice then said to her, “Relax, just 
relax; you’re gonna smother if you don’t.” 
The voice was unrecognizable, but she felt 
comforted and “somehow from up above” 
was able to relax the body on the floor. The 
voice then told the body step by step how to 
disentangle itself from the bedding. She 
said, “I watched the whole episode as if I 
were at the movies.” She then saw the body 
on the floor wake up, the voice stopped, and 
she felt herself “slip back into my body.” 
This experience recurred twice in associa- 
tion with seizures and only when she per- 
ceived she was in physical danger. When 
she tried to self-induce this experience, she 
had an overwhelming feeling that a seizure 
was imminent and forcefully broke her 
concentration. 

The neurologic examination revealed no 
abnormalities. The EEG showed general- 
ized bursts of 3/s spike-and-wave dis- 
charges during hyperventilation. Skull CT 
scan with and without contrast enhance- 
ment was normal. 

CASE 6.—A 27-year-old woman has had a 
history of complex partial and generalized 
tonoclonic seizures from 12 to 18 years of 
age. The seizures, which are now controlled 
with phenytoin and phenobarbital, usually 
began with a feeling of light-headedness 
and detachment. The patient describes the 
detachment as “staying inside my body but 
feeling as though I am looking out through 
a window, that my body and mind are sep- 
arate.” This feeling would last approxi- 
mately 30 seconds. One night, she had an 
intense feeling of detachment and an over- 
whelming feeling of her impending death, 
which she described by saying, “My eyes 
were windowpanes.” She went to bed an 
hour later, still experiencing the detached 
feeling. “Suddenly,” she said, “I was up on 
the ceiling, I was looking right at it, an inch 
away, I could have kissed it. I floated up 
there for about a minute, and part of the 
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time I could see my body in the bed. Then, 
I went back into my body.” 

The neurologic examination revealed no 
abnormalities. Skull CT scan was normal. 
The EEG demonstrated bilateral indepen- 
dent foci of epileptiform activity in both 
temporal regions. 

CASE 7.—A 29-year-old woman has had 
absence seizures since the age of 12 years. 
The seizures occur five times a week with- 
out warning. They consist of a blank stare 
and brief interruption of ongoing behavior, 
sometimes with blinking. She had an auto- 
scopic experience at age 19 years during the 
only generalized tonoclonic seizure she has 
ever had. While working in a department 
store, she suddenly fell, and she said, 


the next thing I knew I was floating just be- 
low the ceiling. I could see myself lying 
there. I wasn’t scared; it was too interest- 
ing. I saw myself jerking and overheard my 
boss telling someone to “punch the time- 
card out” and that she was going with me to 
the hospital. Next thing, I was in space and 
could see Earth. I felt a hand on my left 
shoulder, and when I went to turn around, 
I couldn’t. Then, I looked down and I had no 
legs; I just saw stars. I stayed there for a 
while until some inner voice told me to go 
back to the body. I didn’t want to go because 
it was gorgeous up there, it was warm—not 
like heat, but security. Next thing, I woke up 
in the emergency room. 


No abnormalities were found on the neu- 
rologic examination. Skull CT scan was 
normal. The EEG demonstrated general- 
ized bursts of 3/s spike-and-wave dis- 
charges. 

CASE 8.—A 27-year-old man has had focal 
motor seizures involving the right extrem- 
ities and progressing to complex partial 
seizures. The first seizure occurred at the 
age of 25 years and three more have oc- 
curred in the past 2 years. During the post- 
ictal period, the patient has a feeling of 
“drifting outside my body.” He said, “I can’t 
control it; I want to be in my body.” The 
feeling lasts 15 to 20 minutes. 

The neurologic examination revealed no 
abnormalities. Skull CT scan, magnetic res- 
onance imaging, and bilateral carotid arte- 
riogram were normal. The EEG demon- 
strated intermittent theta activity over the 
left frontotemporal region. 

CASE 9.— A 32-year-old man has had sim- 
ple and complex partial seizures and gener- 
alized tonoclonic seizures since the age of 8 
years. The seizures may be related to for- 
ceps delivery with trauma to the left tem- 
poral region. The simple partial seizures 
are characterized by combinations of ab- 
dominal sensations, gustatory hallucina- 
tions, visual hallucinations and illusions, 
déja vu, depression, derealization, deper- 
sonalization, and autoscopy. After initial 
control for 8 years, the seizures recurred at 
age 16 years. The first episode of autoscopy 
occurred at this time, preceding a general- 
ized tonoclonic seizure. The patient de- 
scribed the episode, saying “It was like a 
dream, but I was awake. Suddenly, I saw 
myself about five feet in front of me. My 
double was mowing the lawn, which is what 
I should have been doing.” He has subse- 
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quently had approximately 15 autoscopic 
episodes immediately before complex or 
secondary generalized tonoclonic seizures 
and numerous episodes unrelated to other 
seizure phenomena. His double is always a 
transparent, full figure that is slightly 
smaller than life size. It often wears dif- 
ferent clothing than the patient and does 
not share the patient’s thoughts or emo- 
tions. The double is usually engaged in an 
activity that the patient feels he should be 
doing, and he says, “that guy is my guilty 
conscience.” 

The neurologic examination revealed no 
abnormalities. The EEG demonstrated left 
temporal epileptiform discharges. Skull CT 
scan with contrast enhancement and mag- 
netic resonance imaging were normal. An- 
tiepileptic drugs have not reduced the fre- 
quency of the autoscopic episodes or the 
frequency and intensity of the seizures. 

Case 10.—A 41-year-old woman has had 
partial seizures, secondary generalized ton- 
oclonic seizures, and bipolar disorder. The 
generalized seizures began at the age of 21 
years without focal onset, but about 6 
months later they were preceded by déja vu 
or auditory hallucinations of a woman’s 
voice. The generalized tonoclonic seizures 
continue to occur three to five times a year 
despite treatment with phenobarbital. 
Symptoms of bipolar disorder began at age 
23 years. Complex partial seizures with 
confusion and automatic movements of the 
upper extremities began during her mid- 
20s and occur approximately twice a month. 
Autoscopic phenomena, religious ecstasy 
(talking to God, being in God’s presence), 
and fear precede some complex partial sei- 
zures. The autoscopic episodes begin with a 
feeling of heaviness in her hands and then 
in her entire body. She feels detached from 
her body and feels that her consciousness is 
hovering in an upper corner of the room. In 
some episodes, she sees her body sitting or 
lying down, and in others, she has no visual 
experiences. The autoscopic phenomena oc- 
cur as isolated episodes, in association with 
fear, or as an aura preceding complex par- 
tial seizures. 

The neurologic examination revealed no 
abnormalities. Skull CT sean with and with- 
out contrast enhancement and magnetic 
resonance imaging were normal. Three 
EEGs demonstrated independent bilateral 
frontotemporal spikes and spike-and-wave 
discharges. Carbamazepine, phenytoin, and 
nortriptyline hydrochloride have provided 
the best control of neuropsychiatric symp- 
toms since age 25 years. 


RESULTS 


The clinical characteristics of the 10 
patients from the present study and 
the 33 patients from the literature!3>”° 
are shown in Table 1. The ictal autos- 
copy began at a median age of 25 years 
(range, 8 to 62 years), and median age 
at the time of case reporting was 34.5 
years (range, 13 to 73 years). An ap- 
proximately equal number of men and 
women were affected. Autoscopic phe- 
nomena were associated with chronic 
epilepsy (partial seizures in 36 pa- 


tients, generalized seizures in 2 
patients), electroconvulsive shock 
treatment (3 patients), toxemia of 
pregnancy (1 patient), and severe in- 
fection (1 patient). Autoscopic phe- 
nomena occurred as auras (simple par- 
tial seizures) prior to complex partial 
seizures (9 patients) or generalized 
tonoclonic seizures (12 patients) and as 
isolated incidents without progressing 
to a seizure (25 patients). 

The clinical and pathologic charac- 
teristics according to type of auto- 
scopic experience are shown in Table 2. 
All five patients who experienced au- 
toscopy with apparent loss of con- 
sciousness had out-of-body experi- 
ences. Four (patients 5, 7, 39, and 40) 
witnessed their generalized tonoclonic 
seizures and one (patient 33) witnessed 
her complex partial seizure. Of four 
patients who experienced postictal au- 
toscopic phenomena, one (patient 8) 
had an out-of-body experience after a 
complex partial seizure, and three (pa- 
tients 16, 17, and 28) saw their double 
after generalized tonoclonic convul- 
sions induced by electroshock ther- 
apy. 

Structural brain disease was impli- 
cated in 12 (32%) of the 38 patients 
with chronic epilepsy, and the tempo- 
ral lobe was involved in the seizure fo- 
cus in 18 (86%) of the 21 patients in 
whom the seizure focus could be iden- 
tified (Table 2). 

The number of autoscopic episodes 
varied. Of the 43 patients, 10 had a 
single autoscopic experience (out-of- 
body experience, 6 patients; seeing 
their double, 4 patients), 15 had be- 
tween two and five episodes, and 18 had 
more than five episodes. Some patients 
experienced hundreds of attacks. 

The response of the autoscopic epi- 
sodes to treatment usually paralleled 
that of the underlying seizure disor- 
der. Of the 38 patients with epilepsy, 7 
(patients 3 through 7, 21, and 38) expe- 
rienced cessation of both seizures and 
autoscopic phenomena after treat- 
ment, and 1 (patient 35) had spontane- 
ous resolution of autoscopic simple 
partial seizures. In 15 of the 38 pa- 
tients, the seizures and autoscopy per- 
sisted despite treatment (it is unclear 
whether these patients had effective 
blood levels of anticonvulsants, since 
the information was not usually docu- 
mented in reports from the literature), 
and in the remaining 15 patients, there 
was no information on treatment or 
follow-up. 


COMMENT 


Autoscopic phenomena may be as- 
sociated with simple partial, complex 
partial, or generalized tonoclonic sei- 


Autoscopic Phenomena—Devinsky et al 


ee go atl aeas Be > 











Clinical Findings 
Patient No., Handed- Seizure Type of and Diagnostic 
Source, y Age, yt Sex Typet Episode Studies 


1, present study St, 21: 31 F R SP Detachment, NE: normal Smells ‘‘rotting flesh’ Fear, curiosity 
SP-CP OBE CT: normal and ‘‘burnt popcorn”; 
SP-GTC EEG: R temporal auditory hallucination 

epileptiform activity (hears voice) 


F R SP OBE NE: normal Floating feeling 









Associated Phenomena Affect 




















Fear 





2, present study 


GTC CT, angiogram: L immediately 
frontotemporal AVM before, but 
(completely resected) neutral during 
EEG: intermittent delta, OBE 
left frontotemporal 


region 










3, present study R SP OBE NE: Babinski sign, L Simple visual and Fear 
SP-GTC CT, angiogram: R auditory 
temporal AVM hallucinations 


(completely resected) 
EEG: R temporal 
epileptiform activity 





SP OBE NE: normal “Nasty” taste, nausea, Calm, enjoyed 
SP-CP CT: normal light-headedness, experience 
hypersalivation 















4, present study 





5, present study 35, 24, 14 F R GTC OBE NE: normal Simple visual and “Detached” 


CT: normal complex auditory 
EEG: generalized (hears voice) 
3/s spike-and-wave hallucinations 


discharges 








6, present study 29, 19, 12 F R SP Detachment, NE: normal Light-headedness “Exhilarating, 










SP-CP OBE CT: normal yet scary” 
SP-GTC EEG: bitemporal 
epileptiform 


discharges 





7, present study 29, 19, 12 F R GTC OBE NE: normal Pleasant 
CT:normal 
EEG: generalized 

3/s spike-and-wave 


discharges 

















8, present study 27, 25, 25 M R CPS OBE, NE: normal None Unpleasant 
postictally MRI: normal 
EEG: intermittent 
theta, 
L frontotemporal 
region 








9, present study 16, 10 M R SP Double NE: normal Abdominal and None 


SP-CP CT: normal gustatory 
SP-GTC MRI: normal hallucinations, 
EEG: L temporal déjà vu, 
epileptiform depression 
discharges 












21 F R SP OBE, NE: normal None Pleasant 
SP-CP detachment CT: normal 
MRI: normal 
EEG: independent 
R and L 
frontotemporal spikes 





10, present study 










11, Nouet,® 40, 36, 36 M NR SP Double Exploding shell Olfactory 
1923 wound in R temporal hallucinations, 

lobe irresistible urge 

to escape 


12, Menninger- 32.9) 7 M NR SP-GTC Double Otitis, R side Déja vu NR 
Lerchenthal,® 
1935 


13, Marchard and NR F NR SP-CP Double NE: normal 
de Ajuriaguerra,’ 
1940 


* SP indicates simple partial seizures; CP, complex partial seizures; GTC, generalized tonoclonic seizures; OBE, out-of-body experience; NE, neurologic examination; 
CT, computed tomography; EEG, electroencephalogram; AVM, arteriovenous malformation; MRI, magnetic resonance imaging; NR, not reported; ECT, electroconvulsive 
therapy; and PEG, pneumoencephalogram. Patients 1 through 10 are patients from present study. 

+Age at time of interview or report, age at onset of autoscopy, and age at onset of seizures. 

Boldface indicates seizure type associated with ictal or postictal autoscopy. 


Anxiety 
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Table |.—Characteristics of 43 Patients With Autoscopic Seizures* (cont) 


Clinical Findings 
Patient No., Handed- Seizure Type of and Diagnostic 
Source, y Sex ness Typet Episode Studies Associated Phenomena Affect 


14, Genner,® 54, ?, 41 F NR SP Double NE: normal Turns head Oppressed and 
1947 Skull to R burdened 
roentgenogram: 
normal 

EEG: normal 











































15, Schmitt,’ Double Walls turn red, 
1948 choking 
sensation 
16, Bollea, '° 30, 30, ? M NR Double, Bipolar disorder Cold feeling, change 
1948 (after postictally in light intensity, 
ECT) felt like his body 
was ‘‘dead”’ 



















17, Bollea, '° 28, 28, ? M NR Double, Psychasthenia Enlargement 
1948 (after postictally of body 









18, Hecaen and 39, 36, 36 Cognitive deficits, R 
de Ajuriaguerra,? 1952 hemiparesis, L 
parieto-occipital 
glioblastoma 


19, Hecaen and 21, 18, 18 F NR SP Double NE: spasticity, R side Hemianopia, vomiting, 
de Ajuriaguerra,’ EEG: spikes in L R-sided headache 
1952 temporo-occipital 
regions 


20, Dewhurst and 65, 62, 62 M NR SP Double Papilledema, R Headaches, white 
Pearson,'' 1955 hemiparesis, and lights, R-sided 

cortical sensory loss, hemianopia 

glioblastoma in L 

posterior 

temporoparietal 

region 


Vertigo, malaise 


















Distressed 


















Agitated 




















21, Dewhurst and 57, 34, 26 M NR SP-GTC Double NE: scotoma in Headache, nausea, 
Pearson,'' 1955 upper L temporal hallucinations of 
field crowds of colors 

EEG: diffusely 
abnormal 

Skull roentgenogram: 
foreign 
body (shrapnel) 
in R temporal 
lobe 















22, Williams, '* 25, 7, 18 High-pitched 
1956 machinery 

sound, voices, 

suspiciousness 


23, Williams, '* 35, 30, 30 F NR SP OBE EEG: Bilateral Nausea, retching 
1956 anterotemporal 

epileptiform 

discharges 

24, Williams, '* 40, ?,? F NR SP-GTC OBE EEG: R Sinking, hollow 
1956 anterotemporal epigastric 

abnormality sensation 


25, Williams, '* 40, ?,? F NR SP Double Severe head Saw upper half of 

1956 SP-GTC trauma herself leaning 
to L and 
progressively 
tilting, then 
thunder, followed 
by disintegration 
of the double 


26, Hecaen and SAT? M NR SP Double L temporal Déjà vu, gustatory 
Green, "° astrocytoma hallucination, 
1957 sees himself 

in a scene 


Distress, fear 















































Misery, futility 















Horror 
























27, Hecaen and 18, 29? M NR SP-GTC Double Lights moving from 

Green," 1957 L to R, déjà vu, 
sees himself in a 
scene from youth 



















28, Hecaen and 51.27 M NR GTC Doube, Depression Saw himself flying NR 
Green," 1957 (after postictally above, smaller 
ECT) than life-size 












29, Lukianowicz, ' 38, 38, 33 M NR SP-CP Double Above-the-knee Excruciating pain Sad, weary, 
1958 amputation on in nonexisting unreal 

R side at limb 

age 25 y 
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Patient No., 
Source, y 
30, Lukianowicz, ' 
1958 


Age, yt Sex 
26. 24,7 


31, Daly,” 
1958 


36, 33, 33 M 


32, lonasescu,'® $7:.37, 37 M 


1960 
33, lonasescu,'® 
1960 















34, Vizioli and 
Liberati,'® 1964 


49, 47, 47 













35, Lunn,” 1970 26, 24, 24 









36, Lunn,” 
1970 


22, 22, 22 


















37, Lunn," 
1970 


33, 33, 30 





38, Lance, '? 
1976 










39, Sabom,"® 
1982 


40, Sabom,"® 


73, 15, 15 ig 







37, 20, 20 P 





1982 





41, Kamiya and F 


Okamoto,™® 1982 


44, 29, 12 












42, Kamiya and 
Okamoto,”° 
1982 


















43, Kamiya and F 
Okamoto,”° 


1982 


36, 30, 23 





zures. Autoscopic seizures may be 
more common than is recognized; we 
found a 6.3% incidence in the patients 
we interviewed. Failure to identify au- 
toscopy as a component of seizures oc- 
curs largely because patients rarely 
describe the phenomenon spontane- 
ously. Indeed, none of our patients 
spontaneously reported autoscopic ep- 
isodes when asked to describe the sei- 
zures, although two found autoscopy to 
be the most troubling aspect of their 
disorder. One patient had mentioned 
the phenomenon to a physician but felt 
she was not “taken seriously.” 
Autoscopic experiences have been 
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Handed- 
ness 














Clinical Findings 
and Diagnostic 
Studies 


Type of 
Episode 


Double NR 


Seizure 
Typet 
SP-CP 


R temporal 
glioma 


SP-GTC 


OBE EEG: L temporal 

spikes 

EEG: R temporal 

and generalized 

spikes 

G: R temporal 

spikes during 

autoscopy 

L hemiplegia, shell 
fragments in R 
parietal lobe 5 

mo before 

autoscopy 


CP OBE 





SP Double 


OBE 


SP OBE NE: normal 

PEG: dilatation 
of R ventricle 

Arteriogram: 
normal 

EEG: bilateral 


abnormalities 





Double Papilledema, L 
hemiparesis, R 
postcentral 


glioblastoma 
L lower quadrant 
field defect 
EEG: R parietal 
epileptiform 
discharges 
Severe infection 





Double 


GTC OBE 


GTC OBE Toxemia 





SP Double EEG: bilateral 
abnormalities, 
R-sided 

predominance 

EEG: 

L fronto- 
temporal 


focus 

EEG: R 
temporal 

focus 





Double 
SP-CP 











SP Double 


described in many cultures, and death 
is a common theme. In Australia, an 
aboriginal tribe, the Aranda, have wo- 
ven the double into their mythology as 
a central figure of death and rebirth.” 
In parts of Europe, the double was 
considered a harbinger of death.” Fur- 
thermore, many historical and literary 
figures have described seeing one’s 
double. Aristotle spoke of a man who, 
as he was walking, would see his own 
image coming toward him.” Goethe, 
after a separation that caused great 
sadness, saw himself approaching on a 
horse, dressed in a suit of clothes he 
had never worn. He wrote, “I shook 


Associated Phenomena 
Stars, flashes of 


Déjà vu, nausea, 





Oral automatisms 


Epigastric 


Formed auditory 


R-sided clonic 






L leg clonic activity, 


Blurring of L NR 





Light feeling, NR 





Floating, in a 


Vivid visual NR 





NR Anxiety 
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Affect 


light, obsessive, 

unreal 

Pleasure with initial 
attacks; later, 
unpleasant 


diaphoresis, urge 
to defecate, 
tingling of face 
or body 






Vertigo NR 











Anxious 









Sensation of being 


disturbance dead 





Terror 
hallucinations, 

watching his own 

dead body 









Horror 
activity, chest 
pressure, 
headache, 
saw his body 
appear very ill 








Unpleasant 
saw herself as 
a corpse 





half-field, 
pupillary 
constriction 


NR Sadness 











calm and 
relaxed 








Lonely 
strange world 


hallucinations 
of past 
experiences 






myself to get rid of this hallucination, 
and I no longer saw anything.”* The 
double has appeared in fictional works 
by Balzac, de Maupassant, Dostoyev- 
ski, Wilde, Poe, and others.***’ Many 
writers who described the double had 
a history of mental disorders, epilepsy, 
or general paresis.” 

Since 1837 when Hagen* reported 
the case of a patient who saw his dou- 
ble during seizures, the subject of au- 
toscopic seizures has received little at- 
tention in the English-language liter- 
ature, but it has been reviewed in the 
French literature.’ Autoscopic phe- 
nomena associated with seizures are 
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Table 2.—Autoscopic Phenomena in 43 Patients With Seizures * 


Out-of-Body 


Double Experience 
Sex 
M 16 7 


Age, y 
Range 






Median 
Seizure typet 

SP+ 

SP-CP 

SP-GTC 

CP 

CP 

GTC 


Seizure cause|| 
Glioma 


Arteriovenous malformation 
Head trauma with amnesia 
Shell fragments in brain 
Unknown 


Seizure focus 
L side 


R side 
Bilateral 
Unknown 


Location of seizure focust 
Frontal 


Temporal 
Parietal 
Occipital 
Unknown 

Affect during autoscopy 
Negative (eg, fear) 
Positive (eg, enjoyable) 
Unknown 


18-65 22-73 





15 10 
5 4 
6 6 

1 
i 1§ 

3§ 4 
4 1 
o 2 
1 1 
2 1 

15 11 
6 3 
6 6 
3 7 

10 2 
2 3 
8 10 
4 1 
2 0 

13 5 

13 11 
O 4 

12 3 


* SP indicates simple partial seizures; CP, complex partial seizures; and GTC, generalized tonoclonic seizures. 
tSome patients had more than one seizure type or location of focus. 

Boldface indicates seizure type associated with ictal or postictal autoscopy. 

§Postictal autoscopy; all other autoscopic episodes occurred ictally. 


|For the 38 patients with chronic epilepsy. 


remarkably similar to those that occur 
in persons with near-death experi- 
ences or psychiatric disorders. The ic- 
tal or postictal autoscopic experience 
may take the form of seeing one’s dou- 
ble, an out-of-body experience, or 
depersonalization (mind-body dissoci- 
ation). 

The double, in the form of an entire 
figure, the bust, or only the head, usu- 
ally appears suddenly in front of the 
subject. The image is typically clearly 
visualized and may be two-dimen- 
sional or three-dimensional; it is usu- 
ally gray but may be seen in color. In 
some cases, the image looks so real 
that the patient tries to touch it. The 
double may be enlarged or shrunken 
from normal size; it may be opaque or 
translucent. Patients 21 and 42 saw 
multiple doubles of themselves (polyo- 
pia); patient 21 described “crowds of 
tiny figures all the colors of the rain- 
bow—all myself.” 
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The double is usually dressed in the 
same clothing as the patient and often 
copies facial expressions and move- 
ments as though it were a mirror im- 
age (eg, if the patient lifts his right 
hand, the double lifts its left hand). 
However, there are notable exceptions. 
Patient 9, for example, reported that 
his double often wore clothing and en- 
gaged in activities that he should have 
been wearing or doing but was not. 
Patient 30 noted that the double was 
identical “but for one detail: it did not 
show the slight limp I always have be- 
cause of my prosthesis.” 

A unique aspect of the autoscopic 
hallucination is the emotional affinity 
between the patient and the imaginary 
image. Some patients report a shared 
consciousness between themselves and 
the double, and others feel that their 
soul enters the double, leaving behind 
an empty shell (patient 35). For some 
patients, the double has attributes 


they lack but desire (patients 9 and 30). 
The patient’s affective state during vi- 
sualization of the double is usually one 
of fear or distress. 

The double is sometimes seen in the 
setting of a complex scene that may be 
imaginary (patients 25 and 38) or re- 
membered (patient 26). After being hit 
on the right side of the head by a truck, 
patient 25 saw herself leaning to the 
left, tilting more and more, until there 
was a sickening thud that seemed to 
come from the hallucination that then 
disintegrated. The hallucination some- 
times progressed to a secondary gen- 
eralized tonoclonic seizure. Similarly, 
patient 1 had autoscopic episodes re- 
lated to her near-death in an automo- 
bile accident. Later, these episodes be- 
came associated with seizures. 

In out-of-body experiences during 
seizures, some patients perceive ex- 
treme danger (patients 36 through 39), 
including near-death experiences with 
imminent suffocation (patient 5). Pa- 
tient 1 had an autoscopic episode after 
a near-fatal automobile accident that 
gave rise to posttraumatic seizures 
with out-of-body experiences or mind- 
body dissociation as auras. Some pa- 
tients may have hallucinations of 
voices or passage into a celestial realm 
(patients 1 and 7). The patient’s affec- 
tive state is most often fearful, but the 
experience may sometimes be enjoy- 
able. 

In out-of-body experiences, the body 
is typically viewed from above, and the 
patient experiences an altered passage 
of time with a feeling of unreality. The 
patients who had out-of-body experi- 
ences during generalized tonoclonic 
seizures said they clearly observed 
their convulsive movements and au- 
tomatisms from above their bodies. 
Patient 39 was “up there looking at 
myself convulsing, and my mother and 
the maid were screaming ...I felt so 
sorry for them and my body.” Patient 
40 watched her convulsive seizure, 
“like being in a balcony,” and observed 
the nurses placing a tongue depressor 
on her tongue and putting up the sides 
of the bed. Patient 33, who witnessed 
her complex partial seizure, clearly 
saw herself looking “anxious, pale, and 
rubbing my hands, running aimlessly 
from one place to another.” 

Depersonalization, defined as alter- 
ation in perception or experience of the 
self in which the usual sense of one’s 
own reality is temporarily lost or 
changed, is manifested by a feeling of 
detachment from and being an outside 
observer of one’s own mental processes 
or body.” Patients often have diffi- 
culty clearly describing the experi- 
ence. Depersonalization disorder, with 
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persistent or recurrent episodes caus- 
ing marked distress, is most common 
after severe stress, as in military com- 
bat or automobile accidents.” Deper- 
sonalization is probably the most com- 
mon form of dissociation in patients 
with seizures, and feelings of deper- 
sonalization without visualization of a 
separate body (mind-body dissocia- 
tion) may be related to ictal autoscopy 
by serving as a transitional state (pa- 
tients 1, 6, and 10). 

Negative autoscopy, or asomatosco- 
py, is the inability to see one’s mirror 
reflection despite preserved vision and 
visual gnosis. A rare symptom, it was 
described by Hoffmann in The Story of 
the Lost Reflection and by de Maupas- 
sant in La Horla. Magri and 
Mocchetti® reported negative autos- 
copy occurring as an aura in a 61- 
year-old woman with complex partial 
seizures and secondary generalized 
seizures due to a calcified mass in the 
right parietal area. The relation of 
asomatoscopy to autoscopy is uncer- 
tain. We were unable to find any re- 
ports of asomatoscopy in patients with 
autoscopy, regardless of whether the 
autoscopy was or was not associated 
with seizures. 

Autoscopy has occurred in patients 
with medical disorders, including 
influenza,” exanthematous typhus,’ 
epidemic encephalitis,“ serum sick- 
ness, alcoholism and cocaine ad- 
diction,” and acute labyrinthine 
vertigo,” as well as during resuscita- 
tion from cardiac arrest.'? Autoscopic 
episodes also have been reported in 
patients with schizophrenia,’ depres- 
sion,** and narcissism.™ Among neu- 
rologic disorders associated with au- 
toscopy, epilepsy is the most frequent, 
but others include migraine,” general 
paresis,” and focal lesions of the pari- 
etal, temporal, and occipital regions.” 

Precipitating factors associated 
with the appearance of visual halluci- 
nations of the self include both psy- 
chologic and organic conditions. Fa- 
tigue, stress, anxiety, alcoholism, drug 
addiction, and psychoses predispose to 
visual hallucinations of various types, 
including out-of-body experiences and 
seeing one’s double. Near-death expe- 
riences, narcissism, and exceptional 
powers of visualization are more 
specifically linked with autoscopic 
hallucinations.'?** In addition, autos- 
copy may serve as a mechanism for 
the expression of latent fears or 
wishes.'*2’ The role of psychological 
factors may also be evident in patients 
with structural lesions and ictal au- 
toscopy (patients 1, 4, 10, 12, and 25). 

The organic factors associated with 
autoscopy include both focal and dif- 
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fuse processes. The incidence of struc- 
tural brain disease in our patients with 
autoscopic seizures is similar to that in 
patients with partial seizures, as is the 
predominance of temporal lobe foci.**” 
Focal causes of autoscopy are lesions 
of the temporal lobes, and less often 
the parietal lobes, especially those that 
produce epileptiform disturbances. Of 
the extratemporal areas that are asso- 
ciated with autoscopy, the parietal 
lobe may be the most important be- 
cause of its role in the organization of 
the body schema.*” Although the right 
hemisphere has been implicated,°” our 
cases and review of the literature do 
not support a definite lateralization 
(Tables 1 and 2). However, the obser- 
vation that autoscopy is most common 
in simple partial seizures suggests 
that excitation of a single hemisphere 
is sufficient to produce autoscopy in 
certain subjects. Among the diffuse 
disorders are drug intoxication or 
withdrawal and central nervous sys- 
tem infections (eg, encephalitis, gen- 
eral paresis). 

In patients with temporoparietal le- 
sions, do the autoscopic phenomena 
represent seizures or release halluci- 
nations? Visual hallucinations as re- 
lease phenomena are typically contin- 
uous, nonstereotyped, and influenced 
by purposeful acts, such as changing 
the direction of gaze.*! They occur after 
loss of normal inhibitory visual mech- 
anisms due to visual pathway lesions 
and are more common in the acute 
stage. Visual release hallucinations 
have less localizing value than those 
due to cortical irritation.” 

The cases of autoscopy in the present 
report, by contrast, were almost all 
examples of visual hallucinations as- 
sociated with epileptiform discharges. 
The autoscopic episodes were paroxys- 
mal and transient and few of the pa- 
tients in this report had lesions in the 
visual pathways. Many episodes oc- 
curred as the aura of complex partial 
seizures or secondary generalized sei- 
zures, and some resolved with the use 
of antiepileptic drugs. Also, stimula- 
tion of the amygdala in a patient with 
epilepsy produced the feeling of 
“leaving the body.’ Patient 20 dem- 
onstrates the potential difficulty, how- 
ever, of differentiating release and ir- 
ritative causes of autoscopy. This man 
had a glioblastoma in the left occipital 
and posterior temporal lobes, with a 
right hemianopia. He had visual hal- 
lucinations restricted to the right vi- 
sual field, which at first were tempo- 
rary but later became more persistent. 
Later, he had autoscopic hallucina- 
tions lasting approximately 1 minute, 
during which the other visual halluci- 
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nation abated. It is possible that the 
paroxysmal episodes of autoscopy 
were due to irritation, and the more 
persistent visual hallucinations in the 
hemianopic field were due to loss of 
normal input (ie, release). 

Although rare, autoscopy may occur 
as a persistent phenomenon in pa- 
tients with visual pathway lesions in 
whom the hallucination abates as the 
gaze is directed toward it; thus, it 
may occur as a release hallucination. 
In addition, in patients with postictal 
autoscopy (eg, patient 8), release of 
normal inhibition may be the relevant 
mechanism. 

Disorders of the body schema may 
be present in subjects with autoscopy 
and can involve the autoscopic image. 
Paroxysmal disorders of body image 
may involve a sensation of a missing 
body part, illusions of corporeal trans- 
formation or displacement, or halluci- 
nation of a phantom limb," also called 
delusional reduplication.” 

The sensation of missing a body part 
is usually unilateral and may take one 
of two forms.“ In one form, which is 
usually transient, the subject is aware 
of a loss of perception of the body part 
(conscious hemiasomatognosia). In the 
other form, which is usually persis- 
tent, there is loss of awareness of one 
body half (nonconscious hemiaso- 
matognosia). Patient 36 in our review 
reported sudden loss of his left arm 
independent of autoscopy. 

Corporeal transformation, in which 
parts of the body feel larger or smaller 
than normal, is a well-described phe- 
nomenon in seizures“ and may also 
be combined with autoscopy. For ex- 
ample, patients 16 and 17 saw their 
double as greatly enlarged. The illu- 
sion of corporeal displacement is even 
more closely allied with autoscopy. 
Many patients describe ictal out-of- 
body experiences as commencing with 
a light feeling, and subsequently 
“float” above their bodies. Patients 
without autoscopy may have feelings 
of the body being levitated into the air 
during seizures.” Delusional redupli- 
cation of body parts may also be an ic- 
tal phenomenon.’ 

An unresolved problem involves pa- 
tients who see their own seizures dur- 
ing loss of consciousness. This phe- 
nomenon was reported by two of our 
patients and three from the literature. 
Both of our patients who “witnessed” 
their tonoclonic seizures also had ab- 
sence seizures and typical 3/s spike- 
and-wave discharges on the EEG. 
Thus, it is unlikely that partial sei- 
zures with bilateral motor signs and 
preserved consciousness (eg, supple- 
mentary motor area seizures) can ac- 
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count for the paradox of apparent con- 
sciousness during the seizure. A psy- 
chogenic mechanism is a potential 
explanation but appears unlikely be- 
cause these patients had no other fea- 
tures consistent with this diagnosis. 
It is possible that these autoscopic 
hallucinations reflect the incorpora- 
tion of prior knowledge of the patient’s 
or other’s seizure patterns and visual 
and verbal perceptions made during a 
semiconscious state. The actual hallu- 
cination may thus occur before or after 
the seizure. Because of the long inter- 
val between the occurrence and report- 
ing of these cases, the verification of 
details from independent observers 
was not possible. However, Sabom!” 
reported six instances of cardiac arrest 
survivors who saw their own near- 
death experiences; detailed descrip- 
tions were obtained from the patients 
as well as medical and family wit- 
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nesses. The author concluded that 
there was no plausible explanation for 
the accuracy of the patient’s observa- 
tions and wondered if an actual “spirit 
leaving the body” would not best fit the 
available data. 

Because autoscopy is frequently as- 
sociated with near-death experiences 
in healthy subjects, sudden, intense 
fear may represent the natural precip- 
itant of autoscopy. A variety of envi- 
ronmental stimuli (eg, mugging, rape) 
may evoke extreme fear, and the nor- 
mal reactions (eg, screams, escape be- 
havior) are probably advantageous to 
survival. The feeling of fear is proba- 
bly a “hard-wired” or predetermined 
response of the nervous system that 
occurs in many classes of mammals. 
Paroxysmal fear may also occur as a 
symptom in psychiatric disorders as 
well as an ictal manifestation of simple 
partial seizures. 
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NEUROSURGEONS—dissection skills for bonework of the cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


—dissection skills to become familiar with the applications of power instrumentation, dis- 
cussion of and participation in problem solving, care, and proper maintenance of power equipment. 


AREA ATTRACTIONS; 
SIGHTSEEING—Disneyland, Knott’s Berry Farm with 165 attractions and rides, Movieland, 
’s outdoor theater. Other convenient attractions 
an Diego Zoo, Sea World in San Diego and the 
i beaches which are 20 minutes away. 
SPECTATOR SPORTS—Baseball with the California nee, football with the 
Los pnge itos and Santa Anita. 
PARTICIPANT SPORTS—Golf, tennis, racquetball, swimming, and _ sport 
fishing off the California coastline. 
everything from 
_of_the restaurants have re- 
alifornia Restaurant Writers award. 


: Fee (US$): Surgeon $965.00; Resident $585.00 (with 
perating Room Personnel (RN/CST/ 
00. Make check to “Los Angeles/Anaheim Symposium.” 
exas 76111. 


April 26-27-28, 1990 


(Immediately preceding the American 
Association of Neurological Surgeons meeting.) 


presents 


Course Directors: 
Susan Mitchell, Ed.D.; Glen Mitchell, Ph.D. 


SYMPOSIUM FORMAT 


CREDITS: C.M.E. Credit Available. 
; Doubletree at 
Commerce Place, Two Commerce Place, Nashville, Tennessee 
37219. Phone: 615-244-8200. 
ENROLLMENT: Fee: (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other)$250.00. Make check to "Nashville Sym- 
posium." Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,600 enrollees who have completed Midas Rex 
Hands-On Workshops. (3,800 Orthopaedic Surgeons; 1,600 


Neurosurgeons; 2,250 OR Personnel) 








MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 





OR PERSONNEL SYMPOSIUM (ORP 700) 
For OR Personnel only: 
JANUARY 29-30-31, 1990 
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MK-801 Prevents Hippocampal Neurodegeneration in 
Neonatal Hypoxic-Ischemic Rats 


Lisa M. Ford, MD; Paul R. Sanberg, PhD; Andrew B. Norman, PhD; M. Harold Fogelson, MD 


è in cerebral asphyxia, enhanced 
postsynaptic stimulation of N-methyl-p-as- 
partate (NMDA) receptor by excessive glu- 
tamate may mediate neuronal injury and 
death. The neuroprotective potential of 
the novel, potent NMDA receptor antago- 
nist MK-801 was assessed by evaluating 
hippocampal behavioral and histologic 
outcomes in an experimental rat model of 
neonatal hypoxia/ischemia. Seven-day- 
old rats with and without MK-801 pretreat- 
ment were subjected to unilateral carotid 
ligation followed by 2 hours of hypoxia. At 
age 30 days, spontaneous alternation be- 
havior was measured using a conventional 
wooden T maze. Hypoxic-ischemic ani- 
mals pretreated with saline demonstrated 


Perinatal asphyxia resulting in hy- 

poxic-ischemic (HI) encephalopa- 
thy remains a major health problem 
and results in serious long-term neu- 
rologic sequelae, such as cerebral 
palsy, seizures, and mental retarda- 
tion in humans.'! The exact mecha- 
nisms explaining how perinatal HI in- 
sults trigger a biochemical cascade 
that produces neuronal injury and de- 
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a significant impairment in spontaneous 
alternation behavior compared with that of 
normal control rats and the hypoxic-is- 
chemic rats pretreated with MK-801. Hip- 
pocampal neuronal damage in the CA1 and 
CA3 regions was prevented in animals 
pretreated with MK-801 vs saline-treated 
controls. Therefore, while saline-treated 
rats with hippocampal lesions showed de- 
fective memory and hippocampal neuronal 
destruction, pretreatment with MK-801 
protected rats. Thus, MK-801 appears to 
protect hippocampal neurons from hy- 
poxia/ischemia and may be potentially 
beneficial in preventing neonatal asphyx- 
ial brain damage. 
(Arch Neurol. 1989;46: 1090-1096) 


generation are not clearly defined. Re- 
cent studies have suggested that neu- 
ronal injury is mediated by release of 
excessive amounts of excitatory neu- 
rotransmitters by the insulted cells.’ 
In this setting, normally low concen- 
trations of excitatory neurotransmit- 
ters become excessive, thereby damag- 
ing neuronal tissue through an “exci- 
totoxic” mechanism.”4 

The amino acids, glutamate and as- 
partate, are two principal excitatory 
neurotransmitters. Glutamate action 
is mediated through three major re- 
ceptor subtypes: N-methyl-D-aspar- 
tate (NMDA), quisqualate, and 
kainate.’ Interestingly, NMDA gluta- 
mate receptor concentrations are 
highest in brain regions most vulner- 
able to HI insults, eg, hippocampal 
CA1 neurons (Sommer’s sector).! 


Recent experiments demonstrated 
that neuronal populations, especially 
hippocampal cells, can be protected 
from HI damage by blocking gluta- 
mate postsynaptic NMDA receptors.' 
The novel potent glutamate NMDA 
receptor antagonist, MK-801, has been 
shown to protect neurons from HI 
damage.** 

We evaluated the influence of MK- 
801 pretreatment on the development 
of HI hippocampal neuronal injury in 
the immature brain. Our hypothesis 
was that MK-801 provided hippocam- 
pal neuroprotection resulting in im- 
proved neurologic, behavioral, and 
morphologic outcomes. Neonatal HI 
was produced in 7-day-old rats. Ani- 
mals were subsequently monitored for 
the presence of neurologic deficits 
throughout the juvenile period and at 
adulthood. Behavioral tests evaluated 
hippocampal and locomotor functions 
at adult ages. 

Unilateral carotid ligation with sub- 
sequent exposure to 2 hours of 8% ox- 
ygen is a well-characterized rodent 
model of perinatal HI specifically af- 
fecting the hippocampus, cerebral cor- 
tex, and corpus striatum.’ At age 7 
days, rat brain development resembles 
the maturational level of a full-term 
human neonate.’ The pathogenesis of 
neuronal injury is related to progres- 
sive ischemia that develops as the du- 
ration of hypoxic exposure lengthens.’ 
The combination of moderate hypox- 
emia and ischemia causes a reproduc- 
ible pattern of acute and chronic is- 
chemic neuronal changes in the fore- 
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brain ipsilateral to carotid occlusion. 
One major focus of infarction is the 
hippocampus." Because there are no 
major cardiorespiratory instabilities 
of the rats during or after the HI insult 
in this model, the threshold for result- 
ing brain injury is related to central 
nervous system metabolic factors." 
This model seemed to be ideal to test 
the use of MK-801 in preventing neo- 
natal HI neurodegeneration, thus pre- 
serving neurologic and behavioral 
function. 

The hippocampus was ideal for our 
study focus. Hippocampal neurons are 
especially vulnerable to cerebral 
ischemia” and have the largest brain 
concentration of glutamate NMDA 
receptors.' Additionally, hippocampal 
neurons and NMDA receptors are 
thought to be involved in normal 
learning and memory processes.'*"* 
Thus, behavioral and histologic out- 
comes would be representative of MK- 
801 effects. 

Spontaneous alternation behavior 
was used to evaluate adult hippocam- 
pal learning and memory functions. 
Lesion studies showed that the hippo- 
campus is the area most intimately in- 
volved with spontaneous alternation 
behavior." Also, maturation of the rat 
hippocampus and development of 
spontaneous alternation follow paral- 
lel courses, peaking at age 30 days in 
the rat.” 


METHODS AND MATERIALS 


Pregnant Sprague-Dawley rats were ob- 
tained and housed in separate cages at 15 to 
17 days’ gestation; pups were born on days 
21 or 22 of gestation. Ninety-three male and 
female rat pups from seven litters were 
used in the experiment; 78 surviving pups 
received adult behavioral testing. 

At age 7 days, rat pups were divided into 
four experimental groups. Two control 
groups received no HI, whereas two exper- 
imental groups were exposed. Control 
groups included the following: (1) normal 
rats, no HI or drug exposures; and (2) MK- 
801 only, rats received MK-801 injections 
without HI to evaluate MK-801 effect on 
growth and development in normal rats. 
Experimental groups included the follow- 
ing: (1) HI/saline, HI rats pretreated with 
saline vehicle; and (2) HI/MK-801, HI rats 
pretreated with MK-801. 


Methods 


Model of Unilateral HI Injury.—Seven- 
day-old rat pups underwent right carotid 
ligation under halothane anesthesia fol- 
lowed, after a 2-hour recovery period with 
the dam, by a 2-hour exposure to humidified 
8% oxygen in a closed chamber warmed to 
37°C." In each experiment, HI/MK-801 
animals received MK-801 in a dose being 
tested while HI/saline animals received an 
equal volume of the vehicle saline. MK-801 
only animals received the drug without HI 
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exposures; normal animals had no expo- 
sures. 

Drug Administration.— All MK-801 (Merck 
Sharp & Dohme Pharmaceuticals, West 
Point, Pa) doses were diluted in 0.9% nor- 
mal saline vehicle. Six of seven litters 
received a l-mg/kg dose of MK-801; one of 
seven litters received a 0.5-mg/kg MK-801 
dose. The l-mg/kg MK-801 dose was given 
at two different intervals: either at the start 
or after 1 hour (midway) of hypoxic expo- 
sure. The 0.5-mg/kg dose was given midway 
during the hypoxic exposure. All HI/saline 
animals received equal volumes of 0.9% 
normal saline at the same intervals. 

At the end of the hypoxic exposures, all 
pups were returned to the dam until wean- 
ing at age 21 days. During this 2-week pe- 
riod, rats were handled daily. At age 30 to 
40 days spontaneous alternation behavior 
was tested; at age 50 to 60 days spontaneous 
nocturnal activity was monitored (Digiscan 
Animal Activity Monitor, Omnitech Elec- 
tronics, Columbus, Ohio). Animals were 
killed at age 60 days. 


Behavioral Analysis 


Spontaneous Alternation Test.—Appara- 
tus.—Spontaneous alternation was con- 
ducted using a conventional wooden T maze; 
each arm was uniformly wooden with di- 
mensions of 45 em in length and 10 cm in 
width. 

Procedure.—Two daily tests were given 
to each rat for a total of 10 tests. Each test 
consisted of two successive unrewarded free 
trials in which the rats were required to al- 
ternate arms of the T maze. 

Anerror score was assigned if rats failed 
to select alternate arms of the T maze. 
Spontaneous alternation scores for each 
group were based on the mean number of 
errors on the 10 tests. 

Spontaneous Nocturnal Behavior.—Sponta- 
neous nocturnal locomotor activity was 
evaluated to determine if rats had adequate 
locomotor capabilities required to traverse 
the T maze. 

Apparatus.—Locomotor activity was re- 
corded in an automated manner by a mon- 
itor (Digiscan Animal Activity Monitor, 
model DCM16)."’ The apparatus consists of 
vertical and horizontal infrared sensors, 16 
per side, surrounding an acrylic activity 
monitor cage. Locomotor variables tested 
included horizontal activity and average 
speed.’ 

Procedure.—Locomotor behavior was 
evaluated hourly over 12 hours during peak 
nighttime activity.” Animals were given a 
30-minute habituation period in the cages 
(Digiscan) prior to nocturnal monitoring. 
Food supplies of 50 g/kg of rodent chowder 
and unlimited water supplies were accessi- 
ble to each animal during the test. 


Analysis of Morphologic Changes 


At age 60 days, animals were killed by 
perfusion with 0.9% normal saline and 
buffered formaldehyde solution. Intact 
brains were immediately removed followed 
by immersion in phosphate-buffered form- 
aldehyde solution for 2 weeks. Frozen coro- 
nal sections (30 um) were cut from the fore- 
brain using a microtome. Every other sec- 
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tion was stained by Nissl’s method to 
highlight neuronal bodies and nuclei or he- 
matoxylin-eosin to highlight myelin sub- 
stance. 

Three rats were randomly selected from 
each of the normal control, HI/saline, and 
HI/MK-801 groups and brains were pre- 
pared for histologic study as described. He- 
matoxylin-eosin-stained hippocampal py- 
ramidal neurons in the CAl (Sommer’s 
sector) and CA3 sectors were quantitated 
using a calibrating microscopic eyepiece 
(X10). Mean neuronal counts were obtained 
by counting cells within a consistent 0.08- 
mm area at the level of the most lateral 
portion of the temporal horns. 


Statistical Method 


Student’s t test was used to compare dif- 
ferences in mean spontaneous alternation 
scores and mean neuronal counts among 
experimental groups. A two-way analysis 
of variance was used to analyze singular 
and combined effects of HI and MK-801 
treatment on spontaneous alternation er- 
ror rates. A one-way analysis of variance 
evaluated effects of MK-801 dose and time 
of administration on error rate within the 
HI/MK-801 group. 


RESULTS 
Mortality 


Fifteen of 93 rat pups died 1 to 2 
weeks after HI exposure leaving 78 
survivors for behavioral testing. 
Death occurred only in rats exposed to 
HI. Among 15 deaths, 10 occurred in 
the HI/MK-801 group and 5 in the HI/ 
saline group. 


Spontaneous Alternation Behavior 


Mean spontaneous alternation error 
rates for each group are presented in 
Fig 1. Mean alternation scores for all 
rats included in the normal control and 
HI/MK-801 groups were 77% and 
74%, respectively. The HI/saline 
group had the lowest mean alternation 
score of 64%, a difference statistically 
significant from the normal controls 
({=2.478, df=71, P<.01) and HI/ 
MK-801 groups (t= 2.879, df=71, 
P < .01). The MK-801 only animals had 
lower mean alternation scores (70% ) 
than the normal controls and HI/MK- 
801 groups, but there were no signifi- 
cant differences among any of these 
groups. 

Mean error rates for HI/MK-801 
animals were evaluated to determine 
the MK-801 dose and time threshold of 
administration associated with the 
highest spontaneous alternation 
scores. The HI/MK-801 rats in differ- 
ent litters received two different MK- 
801 doses (0.5 and 1 mg/kg) at two dif- 
ferent intervals (start and midway 
hypoxic exposures). Since animals in 
the HI/MK-801 group came from dif- 
ferent litters, we tested the main effect 
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of “litter” in addition to “time.” 
Among HI animals given 1 mg/kg of 
MK-801, neither litter nor time had 
any significant effect (F = 0.07, df = 1, 
P > .10; and F = 88, df = 1, P > .10, re- 
spectively). 

The HI/MK-801 animals in one lit- 
ter received 0.5 mg/kg midway during 
the hypoxic exposure. There was a sig- 
nificant effect of dose at this interval 
(F = 7.29, df = 1, P < .05). The lower- 
dose (0.5 mg/kg) group had a greater 
number of errors than the higher-dose 
(1 mg/kg) group when both doses were 
given midway during the hypoxic ex- 
posure. Whether the lower dose would 
influence the number of errors when 
given at the start of hypoxic exposure 
was not determined. Litter effect was 
not considered herein; however, it was 
tested earlier and found not to affect 
error rate. 

The singular and combined effects of 
HI and MK-801 treatment on error 
rates were evaluated. Alone, neither 
HI nor MK-801 treatment had a sig- 
nificant effect on error rates. However, 
the interaction of the two variables 
was significant (F = 5.28, df= 2, 
P < .05), indicating that the effect of 
MK-801 treatment on error rates dif- 
fered depending on the presence or ab- 
sence of HI. As evident from Fig 1, in 
the absence of HI, there were no sig- 
nificant differences in error rates be- 
tween MK-801 treatment rats (MK- 
801 only) vs rats given no MK-801 
(normal controls) (t= 1.07, df= 74, 
P = .10); however, in the presence of 
HI, MK-801 treatment rats (HI/MK- 
801) had significantly fewer errors 
than rats without MK-801 treatment 
(HI/saline) (t = 2.76, df = 74, P < .01). 


Spontaneous Nocturnal Locomotor 
Activity 


Spontaneous nocturnal locomotor 
activity was evaluated in each experi- 
mental group as a function of horizon- 
tal activity and average speed (Table). 
There were no statistically significant 
differences among the four groups re- 
flecting that all animals had similar 
spontaneous nocturnal locomotor be- 
havior. 


Histologic Analyses 


Mean neuronal counts in the is- 
chemia-sensitive CA1 and ischemia- 
resistant CA3 areas in the hippocampi 
of both hemispheres are summarized 
in Fig 2. There were no significant dif- 
ferences in mean CA1 cell counts in ei- 
ther the right or left hemispheres be- 
tween the HI/MK-801 and normal con- 
trol groups. Furthermore, histologic 
examination of CA1 regions revealed 
intact cell morphologic features in the 
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Mean No. Errors 





Normal Vehicle HI/MK-801 HIS Vehicle MK-801 Only 
(n = 14) sais (n = 28) MVS 
(n = 29) (n = 7) 


Fig 1.—Mean spontaneous alternation error rates for each experimental group. Seven-day-old 
rats were exposed to hypoxia / ischemia (HI) + MK-801 pretreatment. Normal rats had no expo- 
sures, MK-801 only rats had only drug exposures; HI/MK-801 and HI/saline (HIS) rats received 
HI + MK-801 pretreatment, respectively. A conventional wooden T maze evaluated spontaneous 
alternation behavior in 30-day-old rats. An error score was assigned if rats failed to alternate arms 
of the T maze on one of the 10 tests. Spontaneous alternation scores for each group were based 


on the mean number of errors in 10 tests. Statistically significant differences among the groups 


are indicated by an asterisk: P < .01. 


Spontaneous Nocturnal Locomotor Behavior Results * 


Monitor (Digiscan), 


Horizontal Activity 


(Counts) Speed, cm/s 
Normals (n = 14) 45531 + 2420 11.4 + 1.5 


39089 + 3144 
39857 + 6301 





MK-801 only (n = 7) 
HI/saline (n = 28) 


Activity, Average 





10.0.4 1.5 


NG pt 1.7 
HI/MK-801 (n = 29) 38053 + 3136 Te 2.8 
a 


When rats were aged 50 to 60 days, spontaneous nocturnal locomotor activity was evaluated in the four 
experimental groups by the Digiscan Animal Activity Monitor. Locomotor variables tested included horizontal ac- 
tivity and average speed per second. Values represent the mean + SEM of activity in each group. HI indicates 


hypoxia / ischemia. 


HI/MK-801 rats when they were com- 
pared with normal control rats (Fig 3). 
In contrast, the HI/saline group dem- 
onstrated prominent neuronal loss in 
the CA1 regions of both hemispheres 
vs normal controls and HI/MK-801 
groups (t = —4.14, df = 6, P < .01; and 
t = —5.6, df = 6, P < .01, respectively). 
CA1 neuronal losses correlated with 
histologic evidence of neuronal dam- 
age in HI/saline rats; neuronal mor- 
phologic study revealed darkly stain- 
ing, shrunken, and pyknotic cells 
(Fig 3). 

In the CA3 sector, there were no sig- 
nificant differences in cell counts be- 
tween the HI/MK-801 and normal con- 
trol groups in either hemisphere. For 
HI/saline rats, in contrast to bilateral 
CA1 neuronal destruction, in the CA3 
region, only unilateral (right hippoc- 
ampal) neuronal damage was present; 


the left CA3 region was spared. The 
HI/saline group had significantly 
lower CA3 mean neuronal counts in 
the right hemisphere vs normal con- 
trols and HI/MK-801 (t= —4.41, 
df= 6, P < .01; and t = —3.973, df =6, 
P<.01 respectively). In left hemi- 
spheric CA3 regions, there were no 
significant differences in mean cell 
counts among the three groups. 


COMMENT 


This study assessed the neuropro- 
tective potency of MK-801 against uni- 
lateral hippocampal injury in a rat 
model of neonatal cerebral asphyxia. 
Mean alternation scores for normal 
controls and HI/MK-801 adult rats 
were not significantly different; thus, 
HI/MK-801 animals retained normal 
spontaneous alternation behavior. In 
contrast, HI/saline animals had the 
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Fig 2.—Mean neuronal counts in hippocampal CA1 and CA3 regions in both cerebral hemispheres 
in normal, hypoxic-ischemic (HI)/saline, and HI/ MK-801 experimental groups. Three rats were 
randomly selected from each group and brains were prepared for histologic study. The mean neu- 
ronal counts in the CA1 and CA3 regions of both hippocampi were quantitated using a calibrating 
microscopic eyepiece lens (X 10). Statistically significant differences among the groups are indi- 


cated by two asterisks: P < .01. 


lowest mean alternation scores that 
were significantly different from HI/ 
MK-801 animals. Therefore, rats ex- 
posed to neonatal HI without MK-801 
pretreatment showed defective adult 
spontaneous alternation behavior, im- 
plying defective memory.® On the 
other hand, MK-801-pretreated neo- 
natal rats exposed to HI retained nor- 
mal adult memory functions. 
Animals within all four study 
groups demonstrated normal sponta- 
neous nocturnal locomotor behavior, 
indicating normal motor capabilities 
in all animals. Thus, reduced sponta- 
neous alternation behavior of the HI/ 
saline group was not related to loco- 
motor deficits but rather to learning 
and memory deficits. Further informa- 
tion is important in the evaluation of 
nocturnal locomotor behavior. There is 
some controversy in the literature re- 
garding the conclusions of several 
studies that associate spontaneous al- 
ternation behavior and hyperactive lo- 
comotor behavior following hippo- 
campal lesions in rats.™”™* However, 
not all investigators have found that 
activity increases.” The latter 
studies are in agreement with results 
in the present study, ie, HI rats with 
hippocampal neuronal injury demon- 
strated deficits in spontaneous alter- 
nation without hyperactivity. The dis- 
crepancies in the literature pertaining 
to hyperactivity may be related to sev- 
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eral experimental factors, including 
method of hippocampal lesioning, le- 
sion size and loci, age and level of brain 
maturation in experimental animals, 
and timing of behavioral testing in re- 
lation to lesions. Furthermore, in our 
study, central nervous system plastic- 
ity, ie, postnatal changes in brain 
structural maturation, may have mod- 
ified behavioral maturation, thus abol- 
ishing hyperactivity. 

Behavioral data indicating damage 
to the hippocampus were further con- 
firmed by histologic analysis. There 
were no differences in hippocampal 
neuronal morphologic features or 
numbers between the normal control 
rats and HI rats pretreated with MK- 
801. Thus, MK-801 totally prevented 
HI neurodegeneration in the ischemia- 
sensitive (CA1) and the ischemia-re- 
sistant (CA3) regions. In contrast, no 
MK-801 pretreatment in this model 
resulted in prominent hippocampal 
neuronal loss in the CA1 region of the 
right and left hippocampi as well as 
the ischemia-resistant CA3 region of 
the right hippocampus. Only the left 
hippocampal CA3 sector was spared. 

The MK-801 dose resulting in nor- 
mal hippocampal behavioral and his- 
tologic outcomes was 1 mg/kg admin- 
istered either at the start or midway 
through the hypoxic exposure. The 
0.5-mg/kg dose given midway through 
the hypoxic exposure resulted in a sig- 
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nificant decrease in spontaneous alter- 
nation behavior, suggesting that this 
dose gave inadequate NMDA receptor 
blockade to prevent sequelae. Further 
studies should test the 0.5-mg/kg dose 
given at the start of hypoxia. 

Our laboratory previously tested 
higher MK-801 doses of 3 and 5 mg/kg 
using this same model. Despite similar 
adequate spontaneous alternation be- 
havior in adult survivors, higher MK- 
801 doses seemed to be toxic in neona- 
tal rats; there were immediate seizures 
and excessive sedation resulting in in- 
adequate nursing and subsequent 
death (L.M.F., unpublished data, 1988). 
Even the lower MK-801 dose of 1 mg/ 
kg resulted in a twofold increase in 
mortality rate over rats exposed to HI 
alone. Further studies are required to 
clarify whether the higher MK-801- 
related mortality is associated with 
physiologic derangements, drug-re- 
lated decreases in postinsult feeding 
behavior, etc. 

Our behavioral and histologic re- 
sults are compatible with recent hip- 
pocampal histologic studies that dem- 
onstrated that the NMDA receptor 
antagonist reduces HI-induced neuro- 
degeneration. In vitro studies have 
demonstrated prevention of hippo- 
campal neurodegeneration in anaero- 
bic tissue culture when high concen- 
trations of nonselective excitatory 
amino acid antagonists are present.” ? 
In fact, lower concentrations of spe- 
cific NMDA receptor antagonists 
provide similar protection from 
anoxia.*™! In vivo studies have shown 
partial hippocampal protection in ger- 
bils and rats after systemic adminis- 
tration of specific NMDA receptor 
antagonists.” 

McDonald et al* demonstrated im- 
proved histologic outcomes in neonatal 
HI rats pretreated with MK-801. An 
MK-801 dose of 1 mg/kg reduced HI 
neuronal damage grossly and micro- 
scopically as opposed to prominent 
hippocampal, cortical, and striatal 
neurodegeneration in saline-treated 
controls. The critical time threshold 
for MK-801 administration was just 
before or up to 1.25 hours after the hy- 
poxic exposure. 

Two experimental observations pro- 
vide a basis for proposed mechanisms 
of MK-801 actions in reducing asphy- 
xial neuronal injury. Electrophysio- 
logic experiments demonstrate that 
MK-801 is a noncompetitive antago- 
nist of the NMDA receptor; it exerts its 
effects by binding to a specific site in- 
side the ion channel and impeding 
transmembrane ion fluxes.* MK-801 
receptor blockade is dependent on ac- 
tivation of the NMDA receptor by an 
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Fig 3.—Representative cytologic changes in the right dorsal hippocam- 
pus for (a-c) normal control animal, (d-f) hypoxic-ischemic (HI) / MK-80 1 
animal, and (g-i) HI/ saline animal (hematoxylin-eosin, X4, 10, and 25, 
respectively). Hypoxic-ischemic /MK-801 hippocampal cells resemble 
intact cells of normal controls; HI/saline cells demonstrate ischemic 
changes (condensed hyperchromatic cytoplasm and karyoplasm). 


agonist such as the excitotoxin 
glutamate.*** In cerebral asphyxia 
MK-801 may prevent lethal calcium 
and sodium cationic influxes into neu- 
rons and/or excessive neuronal 
excitability’ that consequently pro- 
duce catastrophic energy failure and 
acidosis resulting in cellular injury 
and destruction.’ 

An implication of the excitotoxic 
theory of neuronal injury is that the 
distribution of specific neurotransmit- 
ter receptors in the brain may be an 
important determinant of selective 
patterns of neuronal injury. In human 
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and animal brains, hippocampal pyra- 
midal CA1 neurons display the 
greatest vulnerability to cerebral is- 
chemic neurodegeneration, whereas 
CA3 neurons are resistant. These dif- 
ferences may be explained by regional 
variations in NMDA receptor density. 

CA1 neurons have the highest num- 
ber of NMDA receptors in the brain, 
whereas CA3 neurons have only mod- 
erate levels.** These observations are 
consistent with data in the present 
study; HI/saline-pretreated rats had 
severe CA1 and moderate CA3 neu- 
ronal destruction, whereas MK-801 





treatment totally prevented neuronal 
death in both regions. 


CONCLUSION 


The results obtained provide further 
evidence that systemically adminis- 
tered MK-801 prevents neuronal in- 
jury and death induced by cerebral as- 
phyxia. To our knowledge, the present 
study is the first to correlate behav- 
ioral and morphologic outcomes in 
neonatal rats exposed to HI and to de- 
termine the effect of MK-801 pretreat- 
ment on these factors. Hypoxic- 
ischemic rats pretreated with MK-801 
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retained normal adult learning and 
memory functions and intact hippo- 
campal neuronal morphologic features 
in contrast to saline-treated HI rats 
that demonstrated significant impair- 
ments in adult learning and memory 
functions and hippocampal neuronal 
death. The MK-801 dose associated 
with reduced mortality and normal 
long-term neurologic morbidity out- 
comes was 1 mg/kg administered ei- 
ther just before or midway during the 
hypoxic exposure. There were no ap- 
parent early or long-term adverse ef- 
fects of the 1-mg/kg MK-801 dose 
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when given in otherwise normal rats. 

The NMDA receptor may play a sig- 
nificant role in HI brain injury. Thus, 
pharmacologic blockade of the NMDA 
receptor may be one approach to pre- 
vent neonatal HI brain damage. Other 
pharmacologic therapies such as cal- 
cium channel blockers in combination 
with glutamate NMDA receptor an- 
tagonists may reduce insults of HI en- 
cephalopathy. It is, therefore, possible 
that such treatments may prove effec- 
tive in preventing neurologic damage 
induced by hypoxia in human neo- 
nates. 





This investigation was supported by the Chil- 
dren’s Hospital Medical Center to Dr Fogelson, 
BRSG SO7RR05408 and RO1NS25647 from the 
National Institutes of Health, Bethesda, Md, and 
a gift from Omnitech Electronics, Inc, to Drs 
Sanberg and Norman. 

Sharon Rose King provided research assis- 
tance; Stephanie Gates assisted with manuscript 
preparation; Charles Vorhees, PhD, provided the 
use of the T maze; William Dember, PhD, Edgar 
Ballard, MD, and Magda Giordano, MS, gave 
helpful advice; and Susan T. Iannaccone, MD, re- 
viewed the manuscript. 

The authors have no commercial or proprietary 
interest in the MK-801 drug. Merck Sharp & 
Dohme Pharmaceuticals, West Point, Pa, kindly 
provided MK-801. 


MK-801 Protects Hippocampus—Ford et al 1095 


yr = 


ae 


1. Johnston MV, Silverstein FS. New insights 
into mechanisms of neuronal damage in the 
developing brain. Pediatr Neurosci. 1986;12:87-89. 

2. Rothman SM, Olney JW. Glutamate and the 
pathophysiology of hypoxic ischemic brain dam- 
age. Ann Neurol. 1986;19:105-111. 

3. Meldrum B. Possible therapeutic applica- 
tions of antagonists of excitatory amino acid neu- 
rotransmitters. Clin Sci. 1985;68:113-122. 

4. Sanberg PR, Johnston GAR. Glutamate and 
Huntington’s disease. Med J Aust. 1981;2:460-465. 

5. Kochhar A, Zivin A, Lyden PD, Mazzarella V. 
Glutamate antagonist therapy reduces neurologic 
deficits produced by focal central nervous system 
ischemia. Arch Neurol. 1988;45:148-153. 

6. Ozyurt E, Graham DI, Woodruff GN, McCul- 
loch J. Protective effect of the glutamate antago- 
nist, MK-801 in focal cerebral ischemia in the eat. 
J Cereb Blood Flow Metab. 1988;8:138-143. 

7. Rice JE, Vannucci RC, Brierly JB. The influ- 
ence of immaturity of hypoxic-ischemic brain 
damage on the rat. Ann Neurol. 1981;9:131-141. 

8. Dobbing J, Sands J. Comparative aspects of 
the brain growth spurt. Early Hum Dev. 1979; 
3:79-83. 

9. Silverstein FS, Buchanan K, Johnston MV. 
Pathogenesis of hypoxic-ischemic brain injury in 
a perinatal rodent model. Neurosci Lett. 1984; 
49:271-277. 

10. Hill A, Martin D, Daneman A, Fitz CR. Fo- 
cal ischemic cerebral injury in the newborn: diag- 
nosis by ultrasound and correlation with com- 
puted tomographic scan. Pediatrics, 1983;71:790- 
793. 

11. Welch FA, Vannucci RC, Brierley JB. Co- 
lumnar alterations of NADH fluorescence during 
hypoxia ischemia in immature rat brain. J Cereb 
Blood Flow Metab. 1982;2:221-228. 

12. Johnston MV. Neurotransmitter alter- 
ations in a model of perinatal hypoxic ischemic 
brain injury. Ann Neurol. 1983;13:511-518. 

13. Richman CL, Dember WN, Kim P. Sponta- 
neous alternation behavior in animals: a review. 
Curr Psychol Res Rev. 1986-1987;5:358-391. 

14. Barnes DM. NMDA receptors trigger ex- 
citement. Science. 1988;239:254-256. 


1096 Arch Neurol—Vol 46, October 1989 


References 


15. Roberts WW, Dember WN, Brodwick M. 
Alternation and exploration in rats with hippo- 
campal lesions. J Comp Physiol Psychol. 1962; 
5:695-700. 

16. Silverstein FS, Johnston MV. Effects of hy- 
poxia-ischemia on monoamine metabolism in the 
immature brain. Ann Neurol. 1984;15:342-347. 

17. Sanberg PR, Hagenmeyer SH, Henau H. 
Automated measurement of multivariate locomo- 
tor behavior in rodents. Newrobehav Toxicol Ter- 
atol. 1985;7:87-94. 

18. Sanberg PR, Moran TH, Kubos KL, Coyle 
JT. Automated measurement of rearing behavior 
in adult and neonatal rats. Behav Neurosci. 
1984;98:743-746. 

19. Sanberg PR, Johnson DA, Moran TH, Coyle 
JT. Investigating locomotion abnormalities in 
animal models of extrapyramidal disorders: a 
commentary. Physiol Psychol. 1984;12:48-50. 

20. Kimble DP. The effect of bilateral hippo- 
campal lesions in rats. J Comp Physiol Psychol. 
1963;56:273-283. 

21. Teitlebaum H, Milner B. Activity changes 
following partial hippocampal lesions in rats. 
J Comp Physiol Psychol. 1963;56:284-289. 

22. Douglas RJ, Isaacson RL. Hippocampal le- 
sions and activity. Psychonomic Sci. 1964;1:187- 
188. 

23. Nadel L. Dorsal and ventral hippocampal 
lesions and behavior. Physiol Behav. 1968;3:891- 
900. 

24. Lanier L, Isaacson R. Activity changes 
related to the location of lesions in the hippocam- 
pus. Behav Biol. 1975;13:59-69. 

25. Kim C. Nest building, general activity, and 
salt preference in rats following hippocampal ab- 
lations. J Comp Physiol Psychol. 1960;53:11-16. 

26. Kaada B, Rasmussen E, Kveim D. Impaired 
acquisition of passive avoidance behavior by sub- 
callosal, septal, hypothalamic, and insular lesions 
in rats. J Comp Physiol Psychol. 1962;55:661-670. 

27. Jilek L. The reaction and adaptation of the 
central nervous system to stagnant hypoxia and 
anoxia during ontogeny. In: Himwich WA, ed. 
Developmental Neurology. Springfield, Ill: 
Charles C Thomas Publisher; 1970:331-369. 





28. Brierley JB, Meldrum BS, Brown AW. The 
threshold and neuropathology of cerebral ‘anox- 
ic-ischemic’ cell change. Arch Neurol. 1973;29: 
367-373. 

29. Rothman S. Synaptic release of excitatory 
amino acid neurotransmitter mediates anoxic 
neuronal death. J Neurosci. 1984:4:1884-1891. 

30. Goldberg MP, Weiss J, Choi DW. Hypoxic 
cortical neuronal injury is blocked by N-methyl- 
D-aspartate receptor antagonists. Soc Neurosci 
Abstract. 1986;12:64. 

31. Rothman SM, Thurston JH, Howhart RE, 
Clark GD, Somolon VS. Delayed neurotoxicity of 
excitatory amino acids in vitro. Neuroscience. 
1987;22:471-480. 

32. Gerhardt SC, Bernard P, Pasta G, Boast 
CA. Effects of systemic administration of NMDA 
antagonists CPP and ischemic brain damage in 
gerbils. Soc Neurosci Abstract. 1986;12:59. 

33. Foster AC, Gill R, Iverson LL, Woodruff 
GN. Systemic administration of MK-801 protects 
against ischemia-induced hippocampal neurode- 
generation in the gerbil. Br J Pharmacol. 1987:1: 
90-97. 

34. McDonald JW, Silverstein FS, Johnston 
MV. MK-801 protects the neonatal brain from 
hypoxic ischemic damage. Eur J Pharmacol. 
1987;140:359-361. 

35. Wong EHG, Kemp JA, Priestley T, Knight 
AR, Woodruff GN, Iverson LL. The anticonvul- 
sant MK-801 is a potent N-methyl-p-aspartate 
antagonist. Proc Natl Acad Sci USA. 1986;83:7104- 
7108. 

36. Honey CR, Milikovic Z, MacDonald JF. 
Ketamine and phencyclidine cause a voltage- 
dependent block of responses of L-aspartie acid. 
Neurosci Lett. 1985;61:135-139. 

37. Kemp JA, Foster AC, Wong EHF. Non- 
competitive antagonists of excitatory amino acid 
receptors. Trends Neurosci. 1987;10:294-298. 

38. Cotman CW, Monaghan DT, Otterson OP, 
Storm-Mathisen J. Anatomical organization of 
excitatory amino acids receptors and their path- 
ways. Trends Neurosci. 1987;10:273-280. 


MK-801 Protects Hippocampus—Ford et al 
















West “Modern Dissection Techniques 

Of Bone, Biometals, 
Bioceramics, and Bioplastics” 

JANUARY 17-18-19, 1990 (NEURO / ORTHO 700) 


Separate Hands-On Workshops for Neurosurgeons and Orthopaedic Surgeons 


co-sponsored by the MEMORIAL MEDICAL CENTER, 
SAVANNAH, GEORGIA 


and 

Edward F. Downing, M.D., 

William N. Wessinger, M.D., MIDAS REX™ Institute 
Susan Mitchell, Ed.D., 

Stewart Willason, Ph.D. 


Course Directors: 


SYMPOSIUM FORMAT 










y P,- 
A a ri 4 - Fa A 
ja a, po A ey Ae hf 
‘ An Py A ee, 7 
a "FF: AK a d 7 
r ae aes gee 
: * e, = > 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An inten- ACCOMMODATIONS: Marriott’s Casa Marina Resort, 
sive series of hands-on exercises utilizing appropriate 1500 Reynolds Street, Key West, Florida 33040. Phone: 
animal bones, skeletal bones, etc.: 305-296-3535. 

Orthopaedic Surgeons—dissection in small bones, : i l : 
large bones, spines, joint replacement, revision ENROLLMENT: Fee (US$): Surgeon $965.00; Resident 
surgery, methylmethacrylate, polyethylene and $585.00 (with letter from Department Head); RN/CST/ 
} PA/Other $250.00. Make check to “Key West Midas 


biometals, including broken stem extraction. 







Rex Symposium, 2929 Race Street, Fort Worth, TX 
Neurosurgeons—dissection skills for bonework of 76111. Phone: 800-433-7639. 
the cranium and spine, including attention to bio- 
plastics and biometals applicable to neurosurgery. CREDIT: 18 Hours CME Category 1. 





Join the more than 7,300 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,700 Orthopaedic Surgeons; 1,500 Neurosurgeons; 2,100 OR Personnel) 









MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 












DALLAS/FORT WORTH 


Home Office: 2929 Race Street 
“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


Also Plastic, ENT, 





jor gs op ae a pa NEURO 700) Craniofacial, Maxillofacial, etc. OR deceit slow piv lai (ORP 700) 
-14-15 * 27-28- 49. For ersonnel only: 
DECEMBER 11-12-13, 1989 es ote la Weetar too MARCH 26-27-28, 1990 

JANUARY 11-12-13, 1990 APRIL 19-20-21, 1990 


WORKSHOPS: The workshops are held each day from 7:00a.m. Zandt Cottage, Trinity Park, Botanic Gardens and the Fort Worth 
to 1:00 p.m. They will emphasize a series of structured exercises, Water Garden, Six Flags Over Texas. In Dallas enjoy the Old City 
utilizing appropriate animal bones, skeletal bones, bioplastics and Park, John F. Kennedy Memorial Plaza, professional sports with the 

biometals. Dallas Cowboys and the Texas Rangers. 


















NEUROSURGEONS—dissection skills for bonework of the 
Cranium and spine, including attention to bioplastics and l 
biometals applicable to neurosurgery. drsti 


SHOPPING—Visit the restored Sundance Square downtown, the, 
stockyards which specialize in Western wear and local malls. 





DINING—There are many fine restaurants to choose from in 
the Fort Worth area. Several restaurants are located 


OR PERSONNEL—dissection skills to become famil- 
near the stockyards. 


iar with the applications of power instru- 
mentation; discussion of 


and participation in pro- -anihi i anne ` Fa 
blem solving, care, and = ee ER; 2 (US$): Surgeon 00; 
E ' ‘ - Restient $585.00 


proper maintenance of (with 
power equipment. letter from Department 
§ Head); All Operatin 
#4% Room Personnel (RN/ 
ia TPAO mEn $250.00. 
meee. Make check to “Dallas/ 
g Fort Worth Symposium.” 
Amon Carter Museum m Mail to: Midas Rex In- 
Fort Worth Museum of í wo oe Wee, stitute, 2929 Race St., 
Science and History, Lo 3 fi a eS a f Fort Worth, Texas 76111. 
Cabin Village, Fort Wort j Bi 
Japanese Gardens, Van 








AREA ATTRACTIONS; 
Fort Worth Zoological 
Park, Stockyards, 
Kimbell Art Museum, 


Phone: 800-433-7639 or 
817-831-2604. 










Siam: RA ARSE ARSENE RGR eS RRR TACO TORIR, S x 


* Join the more than 7,600 ees er Le 
s-On Workshops. (3,800 Orthopaedic Surgeons; 1,600 Neurosurgeons; 2,250 OR Personnel) 


enrollees who have completed Midas Rex Hand 





109 


Functional Outcome Following Spinal Cord Injury 


A Comparison of Specialized Spinal Cord Injury Center 
vs General Hospital Short-term Care 


Allen W. Heinemann, PhD; Gary M. Yarkony, MD; Elliot J. Roth, MD; Linda Lovell; 
Byron Hamilton, MD, PhD; Karen Ginsburg, MA; J. Thomas Brown, MD: Paul R. Meyer, Jr, MD 


@ The functional outcomes of 185 pa- 
tients with spinal cord injuries undergoing 
rehabilitation who were initially treated in 
a specialized short-term care unit (center 
patients) were compared with those of 
153 patients initially treated in general 
hospitals (noncenter patients). After sta- 
bilization, all patients were admitted to the 
Rehabilitation Institute of Chicago (Ill) and 
received the same rehabilitation program. 
The groups were comparable in terms of 
demographic, injury, and medical charac- 
teristics at the time of rehabilitation center 
admission, but the duration from injury to 
rehabilitation was more than twice as long 
for noncenter patients. While center pa- 
tients were discharged from the rehabili- 
tation center at equivalent functional skill 
levels, their daily rate of functional gains 
during the rehabilitation center stay was 
significantly greater than that of non- 
center patients although the length of stay 
at the rehabilitation center was compara- 
ble for the two groups. These results sup- 
port the practice of specialized short-term 
spinal cord injury care as a means of 
enhancing rehabilitation outcome. 

(Arch Neurol. 1989;46: 1098-1102) 


P rinciples of modern spinal injury 

care developed during World War 
II with the institution of regional spi- 
nal cord injury (SCI) care units in En- 
gland. The success of those centers, as 
evidenced by decreased mortality and 
longer survival,'” led to the adoption of 
the centralized spinal injury system 
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concept in the United States. Special- 
ized units in Veterans Administration 
hospitals opened first,’ followed in the 
1970s by the Rehabilitation Services 
Administration-initiated civilian cen- 
ters. 

Because SCI is a relatively uncom- 
mon (US incidence, 10,000°) yet devas- 
tating cause of disability, coordinated, 
comprehensive programs are neces- 
sary to meet the unique needs of these 
patients.*° During the initial postin- 
jury stages, specialized management 
of spinal fractures and other injuries 
occurs concomitantly with prevention 
and treatment of such frequent com- 
plications as pressure sores, deep vein 
thrombosis, and infections. Multidis- 
ciplinary rehabilitation services and 
long-term health maintenance pro- 
grams designed to optimize functional 
independence and minimize medical 
problems ideally begin during the ini- 
tial stabilization phase and continue 
following transfer to a rehabilitation 
program. Centralizing all of these ac- 
tivities in a single geographic location 
allows staff to develop expertise in SCI 
care and provides patients the oppor- 
tunity to receive peer support.** 

Benefits of the specialized unit con- 
cept remain largely theoretical. To 
date and to our knowledge, only two 
studies have investigated the advan- 
tages of these centers. In one report,’ 
patients treated in a short-term SCI 
care unit demonstrated a reduced in- 
cidence of joint contractures at the 
time of initial rehabilitation center 
admission compared with patients 
treated initially in general hospitals. A 
recent study comparing incidence and 
types of complications occurring in 
specialized Australian SCI centers 
with those occurring in nonspecialized 
US medical institutions contained a 
number of methodologic flaws, includ- 
ing lack of comparability between 
groups, adequate definition of vari- 
ables, and statistical analysis.’ To our 
knowledge, no well-designed studies 
have compared rehabilitation out- 
comes of patients with SCI who un- 
dergo initial treatment at specialized 
centers with those of patients who re- 


ceive short-term care in nonspecial- 
ized hospitals. 

The purpose of this investigation 
was to compare patients with acute 
SCIs who were treated initially in a 
specialized SCI care unit with patients 
treated initially at general hospitals 
for the following outcome variables: 
(1) improvement in self-care and mo- 
bility skill performance, (2) length of 
rehabilitation stay, and (3) efficiency 
of rehabilitation gains. 


PATIENTS AND METHODS 


A total of 338 patients with SCIs who 
were admitted during 1981 through 1985 to 
the Rehabilitation Institute of Chicago (Ill) 
(RIC) after short-term care were studied. 
Patients were referred either from general 
hospitals (“noncenter” patients, N = 153) 
or from the Northwestern Memorial Hos- 
pital SCI Unit (“center” patients, N = 185), 
Chicago, Ill. This specialized center is a 20- 
bed unit devoted solely to the care of pa- 
tients with acute SCI. It is closely affiliated 
with RIC and serves as the short-term care 
component of the National Institute on 
Disability and Rehabilitation Research- 
designated Midwest Regional SCI Care 
System (MRSCICS). Specialists in neuro- 
surgery, orthopedic surgery, respiratory 
intensive care, urology, plastic surgery, and 
general surgery contribute to the initial 
management of spinal fractures, SCIs, and 
early postinjury complications. All patients 
in the SCI unit are examined by a physia- 
trist from the RIC staff and are provided 
support services by a nursing and allied 
health staff with extensive training and ex- 
perience in SCI treatment. Members of the 
allied health team include representatives 
from physical and occupational therapy, 
psychology, and social work. By compari- 
son, the treatment of patients from com- 
munity hospitals is variable. Regardless of 
referral source, all patients participated in 
the same comprehensive, multidisciplinary 
rehabilitation program at RIC designed to 
promote functional independence and facil- 
itate community reintegration. 


Procedures 


Demographic variables (age, sex), injury 
characteristics (level and Frankel classifi- 
cation describing injury completeness ac- 
cording to American Spinal Injury Associ- 
ation criteria’), complications (presence of 
deep vein thrombosis or tracheostomy, 
number of pressure sores and extremity 
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eT 


fractures), spine stability at the time of re- 
habilitation center admission, and history 
of surgical procedures or internal injuries 
were recorded. Frankel categories’ included 
complete lesions (A), incomplete lesions— 
sensory only without motor function (B), 
nonfunctional motor with or without sen- 
sation (C), and functional motor (D). Addi- 
tional information included duration from 
injury to rehabilitation, length of rehabili- 
tation center stay, and a measure of func- 
tional status (modified Barthel index) at the 
time of admission to and discharge from 
RIC. 


instrument 


Assessment of functional status was per- 
formed using a variation of the modified 
Barthel index (MBI) as developed by 
Granger et al." This index ranges from 0 to 
100 points and measures degree of indepen- 
dence in 15 self-care and mobility tasks 
(Table 1). A rating of “independence” in a 
task was defined as the ability to perform 
the skill without the assistance of another 
person. “Assistance” in performing a task 
required the ability to perform at least half 
the effort of the task; lifting, guarding, su- 
pervising, or cuing could be provided. “De- 
pendence” in a task was identified as an in- 
ability to perform at least half the effort of 
the task. Assistance was scored as zero 
points in all areas except donning a brace, 
which was scored as negative two points. 

A category of “limited independence,” 
which scored eight points, was added to the 
scale of Granger et al" to describe perfor- 
mance of bowel and bladder care within 
physiological limitations.'? Limited inde- 
pendence in bladder continence described 
the ability to manage a urinary drainage 
device independently without incontinence 
or spills. Limited independence in bowel 
continence was defined as the use of stool 






Table 1.—Modified Barthel Index 
Scoring System 






Inde- De- 
pen- Assis- pen- 
Ratings dence tance dence 


Self-care 













Drink from cup 4 2 0 
Feed from dish 6 3 0 
Dress upper body 5 3 (0) 
Dress lower body 7 4 0 
Don brace 0 =z (0) 
Grooming 5 3 (0) 
Washing or bathing 6 3 0 
Bladder continence © 8776 0 
Bowel continence 10 8°/5 0 
Mobility 

Chair transfer 15 7 0 
Toilet transfer 6 3 0 
Tub / shower transfer 1 (0) O 
Walk on level surface 

50 m 15 10 (0) 
Stair climbing 10 5 0 


Wheelchair propulsiont 


* Limited independence rating of 8 is described in 
“Patients and Methods.” 

+Wheelchair propulsion rating was made only for 
nonambulatory patients. 
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softeners, digital stimulation, supposito- 
ries, enemas, or laxatives without assis- 
tance or incontinence. 

The MBI has been used previously to 
document that patients with SCI make sta- 
tistically significant improvements during 
rehabilitation.’ The scale has been shown 
to be a sensitive, reliable, and valid index of 
functional improvements over time in indi- 
viduals with SCI." 

Supplemental analysis was conducted to 
examine changes in function from the time 
of admission to discharge for center and 
noncenter patients, using the MRSCICS 
Patient Function Level Scheme.” This 
scheme grouped patients into six function 
levels according to MBI scores: dependent (0 
to 19), self-care assisted (20 to 59), wheel- 
chair assisted (60 to 79), wheelchair inde- 
pendent (80 to 89), ambulatory assisted (90 
to 99), and independent (100). A typical pa- 
tient at the dependent level required assis- 
tance throughout the day. At the self-care 
assisted level patients could perform a few 
self-care and mobility skills, but they re- 
quired assistance for most activities. The 
wheelchair-assisted level described pa- 
tients who performed most skills indepen- 
dently but who required some assistance 
for occasional self-care tasks and most mo- 
bility activities. A typical patient at the 
wheelchair independent level performed all 
self-care activities independently from a 
wheelchair but was not functionally ambu- 
latory. Ambulatory assisted patients were 
fully ambulatory except for stair climbing 
and other complicated mobility skills. The 
independent level patient group required no 
assistance. 







Table 2.—Patient Characteristics at Time of Rehabilitation Center Admission 


Center 
Patients 


An efficiency index was computed to de- 
termine the rate at which functional gains 
were made in rehabilitation. This index was 
computed for each patient by subtracting ` 
rehabilitation center admission MBI score 
from discharge MBI score and dividing the 
difference by the natural logarithm of 
length of rehabilitation center stay. The 
natural logarithm of length of rehabilita- 
tion center stay was used to normalize the 
distribution of this variable. 


Statistical Analysis 


A 2(center vs noncenter) by 2 (paraplegia 
vs quadriplegia) by 4 (Frankel classifica- 
tion) analysis of covariance was completed 
with (1) discharge functional status, (2) 
length of rehabilitation center stay, and (3) 
efficiency of rehabilitation gains as the de- 
pendent variables, and admission func- 
tional status and duration from injury to 
rehabilitation as the covariates. These 
analyses allowed the independent effects of 
referral source, level and completeness of 
injury, rehabilitation center admission 
functional status, and duration from injury 
to rehabilitation on the three dependent 
variables to be evaluated. In addition, x? 
tests and ¢ tests for independent groups 
were performed to compare center and 
noncenter patients on various demographic 
and functional level variables."* 


RESULTS 
Patient Characteristics at Time of 
Admission 


Table 2 shows that center and non- 
center patient groups did not differ on 


Noncenter 
Patients Significance * 







Mean age, y 31.2 29.7 NS 

























Sex 

M, % 82 81 NS 

F, % 18 19 NS 
Level of injury 

Paraplegia, % 45 48 NS 

Quadriplegia, % 55 52 NS 
Completeness of injury 

Complete 48 49 NS 

Incomplete 52 51 NS 
Frankel classification 

A (Complete), % 48 49 NS 

B (Sensory only), % 19 14 NS 

C (Nonfunctional motor), % 4 10 NS 

D (Functional motor), % 29 27 NS 
Deep vein thrombosis 15 10 NS 
Spine instability at time of 0.5 5 x? (1,338) = 5.41 








rehabilitation center admission, % P= .02 


Mean No. of pressure sores 


0.6 0.7 NS 
0.4 0.3 NS 
2.0 1.3 







Mean No. of long-bone fractures 
336) = 14.32 
P < .001 
336) = 7.72 
P < .001 


Mean No. of hospital transfers 
before rehabilitation center admission 









Mean duration from injury to 27.5 60.8 


rehabilitation, d 





*NS indicates not significant. 
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the basis of mean age, or on the basis 
of distribution according to sex, level 
of spinal injury, Frankel classifica- 
tion, or presence of deep vein throm- 
bosis, or on the basis of tracheostomy 
at the time of rehabilitation center 
admission. Mean number of pressure 
sores, long-bone fractures, surgical 
procedures, or internal injuries prior 
to rehabilitation center admission 
were not significantly different. The 
incidence of spine instability at the 
time of rehabilitation center admis- 
sion was greater for noncenter pa- 
tients (5%) than for center patients 
(0.5%) (x? [1,838] = 5.41, P= 02). 
Mean number of hospital transfers 
before rehabilitation center admission 
was significantly greater for center 
patients (mean = 2.0) than for 
noncenter patients (mean = 1.3; 
t[836] = 14.32, P < .001). This differ- 
ence was due to center patients who 
were transferred from community 
hospital emergency rooms to the 
Northwestern Memorial Hospital SCI 
Unit Care. Mean duration from injury 
to rehabilitation was significantly 
less for center patients (mean = 27.5 
days) than for noncenter patients 
(mean = 60.8 days, t[336] = 7.72, 
P <.001). 


Functional Status 
Table 3 reports mean rehabilitation 
center admission and discharge MBI 
scores for center and noncenter pa- 


tients. Mean MBI scores were similar 
for the two groups at the time of reha- 


100 


Center Nonctr 


sentar Nonctr 


Modified Barthel Index Score 


Frankel Class Frankel Class 


Center 


Frankel Class 


bilitation center admission 
(F [1,321] = 3.37, P = not significant) 
and discharge (F [1,319] = 1.43, P, not 
significant). The following patients 
had greater functional abilities at the 
time of discharge from the rehabilita- 
tion center: (1) incomplete lesions 
(Frankel class D; main effect for 
Frankel classification was F [1,319] 
= 42.28, P<.001); (2) paraplegia 
(main effect for injury level was 
F [1,319] = 241.07, P<.001); (3) 


greater admission functional abilities 
(main effect for admission functional 
status was F [1,819] = 211.24, P < .001; 
r= .74, P < .001); and (4) shorter du- 
ration from injury to rehabilitation 









Admission 





Paraplegia 
A (Complete) 31.5 
B (Sensory only) 33.8 
C (Nonfunctional motor) 36.0 
D (Functional motor) 40.0 
Paraplegia total 34.8 
Quadriplegia 
A (Complete) 9.2 
B (Sensory only) 12.0 
C (Nonfunctional motor) 27.0 
D (Functional motor) 22.9 
Quadriplegia total 





All patients 
* MBI indicates modified Barthel index. 
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— Center Nonctr 


Be -..1Nonctr 
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Frankel Class Frankel! Class 


Table 3.—Mean MBI* Scores of Center and Noncenter Patients at Time of 
Rehabilitation Center Admission and Discharge 


Center Patients 


LD, 
Discharge 





Center 


Frankel Class 


(F [1,319] = 14.79, P<.001; r= —.21, 
P <.001). A significant interaction be- 
tween injury level and Frankel classi- 
fication was found (F[1,319] = 6.48, 
P = .001), such that patients with com- 
plete quadriplegia were discharged 
with significantly lower functional 
abilities than patients in the three 
other groups (Figure). No other signif- 
icant interactions between indepen- 
dent variables were noted. 

When classified according to the 
MRSCICS Patient Function Level 
Scheme, center and noncenter patients 
either maintained or improved func- 
tion levels from the time of rehabilita- 
tion center admission to discharge (for 











Noncenter Patients 


LLB, 
Admission Discharge 
















68.4 33.6 68.1 
72.7 46.1 77.5 
80.0 31.9 70.0 
81.5 55.8 86.0 
73.7 40.0 73.5 
33.9 10.8 30.1 
42.2 18.4 41.6 
61.0 15.2 42.8 











Admission i 
Discharge [__] 


Nonctr 


Center 
Nonctr me 


Center 





Frankel Class Frankel Class 


VA B C Dy A B C D, 


Quadriplegia 


Paraplegia 


Functional status of center and noncenter (nonctr) patients at the time of rehabilitation center admission and discharge. 
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center patients, x? [15] = 146.27, 
P < .0001; for noncenter patients, x’ 
[20] = 119.28, P < .0001); none of the 
patients experienced deterioration in 
function level (Table 4). However, 
there was a trend for greater improve- 
ment among center patients in func- 
tion level from admission to discharge 
(82%) than for noncenter patients 
(74%; x? [1] = 3.40, P < .10). 


Length of Rehabilitation Center Stay 


Table 5 shows the mean values for 
length of rehabilitation center stay for 
each of the patient groups. Although 
center patients stayed 2.8 days less 
than noncenter patients in rehabilita- 
tion, length of rehabilitation hospital- 
ization was statistically unrelated to 
referral source (F [1,319] = 0.98, P, not 
significant) using analysis of covari- 
ance. However, length of rehabilita- 
tion center stay was related to level of 
injury (F [1,319] = 72.34, P= .001), 
Frankel class (F[1,319] = 3.34, P = 
.02), and functional status at the time 
of rehabilitation center admission 
(F [1,319] = 48.65, P < .001). Persons 
with quadriplegia, those in Frankel 
class A and C (complete and nonfunc- 
tional motor, respectively), and those 
with poorer functional abilities at the 
time of admission had longer rehabil- 
itation stays than did patients with 
paraplegia, those in Frankel class B 
and D, and those with greater admis- 
sion function, respectively. No signifi- 
cant main effect for duration from in- 
jury to rehabilitation was found, nor 
were any interactions between main 
effects noted. 


Efficiency Index 


Mean efficiency index values for each 
of the patient groups are shown in Ta- 
ble 5. Center patients made functional 
gains with significantly more effi- 
ciency (8.3) than did noncenter pa- 
tients (6.9; F [1,319] = 13.47, P < .001). 
Patients with paraplegia (F [1,319] 
= 22.55, P < .001), those in Frankel 
class D (functional motor) (F [1,319] 
= 11.65, P < .001), those with greater 
function at the time of rehabilitation 
center admission (F [1,319] = 7.38, 
P = .007), and those with shorter du- 
ration from injury to rehabilitation 
(F [1,319] = 18.15, P< .001; r= —.30, 
P < .001) also showed significantly 
greater efficiency index values. A sig- 
nificant interaction between level and 
Frankel classification was found 
(F[1,319] = 6.99, P < .001) such that 
patients in Frankel class D (functional 
motor) with quadriplegia made gains 
more efficiently (mean = 10.2) than did 
patients in the other groups; patients 
in Frankel class A (complete) with 
quadriplegia made gains least effi- 
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Column total 24 


* MRSCICS indicates Midwest Regional Spinal Cord Injury Care System. MRSCICS patient function level 


scheme is described in “Patients and Methods.” 










Center 
Paraplegia 


A (Complete) 74.4 
B (Sensory only) 61.2 
C (Nonfunctional motor) 32.0 
D (Functional motor) 67.2 
Paraplegia total 68.7 
Quadriplegia 
A (Complete) 107.2 
B (Sensory only) 95.8 
C (Nonfunctional motor) 88.3 
D (Functional motor) 83.6 
Quadriplegia total 98.0 
All patients 84.9 





* Efficiency index calculation is described in “Patients and Methods.” 


ciently (mean = 5.0). No other interac- 
tions between independent variables 
were noted. 


COMMENT 


A shortage of appropriate SCI care 
for US civilians prompted the Cushing 
Society of American Neurosurgeons to 
pass a resolution in 1967 urging Con- 


Table 4.—Distribution of Center and Noncenter Patients Using MRSCICS Patient 
Function Level Scheme* at Time of Rehabilitation Center Admission and Discharge 


Center Patients 


Discharge 
$$ $<<LLLLLLLLLL——————————————————————— 
Self- Wheel- Ambul- 
Depen- Care chair Wheelchair atory inde- Row 
dent Assisted Assisted Independent Assisted pendent Total 
A Dependent 24 50 11 4 6 
D 
M Self-care 
| assisted 8 39 12 14 3 
S 4 Wheelchair 
: assisted 2 8 2 
O | Wheelchair 
N independent 1 
S — Column total 24 58 51 18 28 6 


Noncenter Patients 


Discharge 
pe N N, 
Self- Wheel- Ambul- 
Depen- Care chair Wheelchair atory Inde- Row 
dent Assisted Assisted Independent Assisted pendent Total 
Dependent 24 34 1 2 1 69 
A 
D Self-care 
M assisted 12 39 8 10 1 70 
5 Wheelchair 
S assisted 3 3 2 11 
| | Wheelchair 
O independent 1 1 
N 
S Ambulatory 
assisted 1 1 2 


Length of 
Rehabilitation Stay, d 
eaaa“ 
Noncenter 

















Efficiency Index 
ree OO OC Oo 
Center Noncenter 









71.8 8.7 8.3 
66.9 9.7 7.6 
80.7 12.7 8.8 
65.1 10.1 7.4 
70.7 9.4 8.1 
107.8 5.5 4.2 
113.3 6.9 4.8 
102.2 8.0 6.3 
92.2 11.6 8.7 
103.4 7.4 5.9 
87.7 8.3 6.9 


gress to establish regional SCI 
centers.’ With the goal of improving 
SCI care, the Rehabilitation Services 
Administration developed the concept 
of the Regional SCI Care System, a 
program that is currently adminis- 
tered by the National Institute on Dis- 
ability and Rehabilitation Research. 
Bedbrook and Segley'’ observed that, 
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despite this development, SCI care 
continued to be “piecemeal” in general 
community hospitals, characterized by 
the treatment of the “occasional” pa- 
tient by the “occasional” physician. 
They favored comprehensive coordi- 
nated SCI care units staffed by spe- 
cialists. To date, however, their asser- 
tions have not been supported by em- 
pirical clinical data demonstrating the 
value of centralized SCI care. The lack 
of control groups has precluded a con- 
vincing demonstration of the benefits 
of centralized SCI care. 

This study is unique in that we com- 
pared patients who were treated ini- 
tially in the regional SCI center with 
those treated initially in general com- 
munity hospitals. Identical rehabilita- 
tion services were provided to all pa- 
tients without regard to referral 
source. Therefore, an indication of the 
efficacy of specialized short-term SCI 
care was made possible by comparing 
measures of functional outcomes of 
patients admitted from the two differ- 
ent referral sources. 

Patients treated in the specialized 
SCI center were admitted to rehabili- 
tation in less than half the time re- 
quired by general hospitals. Rapid 
short-term management and early re- 
habilitation referral in the center re- 
duced total cost of care for first hospi- 
talization and minimized use of re- 
sources. A benefit of coordinated care 
was the significantly lower incidence 
of unstable spines among center pa- 
tients. The similar rehabilitation cen- 
ter admission MBI scores and compa- 
rable complication rates of the two 
groups suggest that the prolonged 
short-term care hospitalization in the 
community did not result in functional 
or medical benefits. In fact, patients 
probably remained in the general hos- 
pitals longer than was necessary for 
medical stability, were transferred 
more often with unstable spines, and 
did not receive the level of functional 
training that center patients received 
during their early treatment. Non- 
center patients were examined rou- 
tinely for unstable spines and were 
stabilized, as appropriate, with a brace 
or surgery. 

Several factors may have contrib- 
uted to the admission of center pa- 
tients with function levels comparable 
to noncenter patients but with shorter 
initial care stays. A team of trained 
and experienced short-term care pro- 
fessionals provided comprehensive 
and coordinated initial SCI treatment. 
Early initiation and routine use of 
such therapeutic interventions as 
functional training, splinting, bracing, 
and physical exercise while in the 
short-term care SCI center allowed 
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patients to receive rehabilitative ser- 
vices immediately following injury. A 
positive result of these practices was 
demonstrated in a previous study that 
showed a lower incidence of joint con- 
tractures among patients admitted to 
the rehabilitation center from the SCI 
center compared with patients trans- 
ferred from general hospitals.’ Early 
admission to the rehabilitation center 
limits the duration of immobilization 
and reduces the likelihood of develop- 
ing complications from prolonged bed 
rest and disuse. 

The finding that rehabilitation cen- 
ter admission MBI levels did not differ 
between the two groups is important 
because admission functional status is 
a major determinant of discharge 
functional status." Because center pa- 
tients were discharged from the reha- 
bilitation center with equivalent func- 
tion but made gains with greater effi- 
ciency, their improvements must be 
attributable to some factor other than 
admission function level. Comparable 
demographic, injury, and complication 
characteristics between the groups 
suggest that it was differences specif- 
ically in short-term management that 
were responsible for the differences in 
outcome at discharge. The greater 
number of center patients showing 
improvement in MRSCICS Patient 
Function Level Scheme classification 
demonstrates that treatment of pa- 
tients with acute spinal injury in the 
center enhanced the likelihood of 
achieving meaningful functional 
gains. 

The involvement of only one center 
in the study limits the generalizability 
of the results. However, the rehabili- 
tation facility has a large catchment 
area that includes urban, suburban, 
and rural communities, and thus a 
broad range of socioeconomic and en- 
vironmental backgrounds is repre- 
sented. 

The MBI and MRSCICS Patient 
Function Level Scheme provide assess- 
ments of independent self-care and 
mobility skill performance, and thus 
they can be thought of as inverse mea- 
sures of cost and burden of attendant 
care. The finding of more efficient func- 
tional gains made by center patients is 
therefore noteworthy. The impact of 
injury level and Frankel class on out- 
come was expected; patients with 
paraplegia and those with incomplete 
injury were expected to achieve higher 
levels and faster rates of functional 
gain.’ Although it was expected that 
all patients, regardless of referral 
source, would make functional gains, 
the finding that these functional im- 
provements could be made at more ef- 
ficient rates by patients treated ini- 


tially in the specialized center is new. 
This provides justification for the 
practice of treating patients with 
acute spinal injury in designated SCI 
centers. The value of the objectives of 
the National Institute on Disability 
and Rehabilitation Research of pro- 
viding medical and rehabilitation ser- 
vices earlier, in shorter time periods, 
and of a specialized nature is sup- 
ported by these data: cost of total SCI 
care can be reduced, length of hospi- 
talization can be minimized, and fa- 
vorable outcomes can be enhanced. 


This study was supported in part by grants 
G008435139 and G008535129 from the National 
Institute on Disability and Rehabilitation Re- 
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Institute of Chicago (Ill). 
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Chronic Manganese Intoxication 


Chin-Chang Huang, MD; Nai-Shin Chu, MD; Chin-Song Lu, MD; Jung-Der Wang, MD; 
Jin-Lian Tsai, MSc; Jia-Liang Tzeng; Erik C. Wolters, MD; Donald B. Calne, MD 


èe We report six cases of chronic man- 
ganese intoxication in workers at a ferro- 
manganese factory in Taiwan. Diagnosis 
was confirmed by assessing increased 
manganese concentrations in the blood, 
scalp, and pubic hair. In addition, in- 
creased manganese levels in the environ- 
mental air were established. The patients 
showed a bradykinetic-rigid syndrome in- 
distinguishable from Parkinson’s disease 
that responded to treatment with 
levodopa. 

(Arch Neurol. 1989;46:1104-1106) 


Manganese is used in metal alloys, in 
the manufacture of chlorine gas, 
dry battery cells, paints, varnish, 
enamel, and linoleum, in the process of 
coloring glass and soaps, and as an an- 
tiknock agent in lead-free gasoline. 
Exposure in mining and industry has 
resulted in chronic manganese poison- 
ing, first reported in 1837,' in Chile, 
Morocco, Cuba, India, Japan, the 
USSR, and the United States.’ 
Manganese ore enters the body by 
inhalation of the dust and by swallow- 
ing the particles, mainly containing 
manganese dioxide. Neuropathologic 
changes, reported so far in only 10 au- 
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topsy cases, are characterized by de- 
generation of the medial segment of 
the pallidum, often of the caudate nu- 
cleus and the putamen, and rarely of 
the substantia nigra.’ 

Clinical signs generally appear after 
exposure for 6 months or longer. In 
manganese miners, but not manufac- 
turers, mild and mostly transient psy- 
chomotor disturbances such as hallu- 
cinations, emotional instability, and 
compulsive and aberrant behavior (so- 
called manganese madness) occur 
early in the clinical course and last 
about 3 months. Marked asthenia and 
extrapyramidal symptoms, such as hy- 
pokinesia, rigidity, and tremor, are the 
hallmarks in chronic intoxication. 
Other findings include dystonia, sia- 
lorrhea, sweating, impotence, and in- 
somnia. The symptoms progress as 
long as exposure continues, and recov- 
ery is rare once the advanced syn- 
drome develops; however, some im- 
provement may occur.‘ 

The underlying mechanisms 
whereby the inhalation of manganese 
dust results in disease are completely 
unknown. Hypotheses concerning the 
toxicity of manganese include (1) di- 
rect dopaminergic toxicity, (2) in- 
creased production of toxic free radi- 
cals, (83) decrease of oxidation-reduc- 
tion mechanisms in the substantia 
nigra, (4) production of 6-hydroxy- 
dopamine or other toxic catechola- 
mines with a decrease in protective 
thiols, and (5) oxidation or increase of 
auto-oxidation of dopamine with pro- 
duction of cytotoxic quinones.*”’ 

Levodopa, as well as edetate diso- 
dium calcium, provides some relief, 
but their therapeutic benefit is contro- 
versial.?*!? 


PATIENTS AND METHODS 


In October 1985, we suspected manga- 
nese-induced parkinsonism in a 44-year-old 
man working in a ferromanganese alloy 
factory. Clinical investigations in cowork- 
ers uncovered five more cases, all working 
in the same manganese smelting depart- 
ment on the third floor of this factory. All 
were men, between the ages of 38 and 45 
years. All the patients were carefully 
screened for neurological, neurophysiologi- 
cal, and neuropsychological abnormalities. 
The neuropsychological tests included tem- 
poral orientation, orientation to personal 
information and place, serial digit learning, 
word sequence learning, judgment of line 
orientation, three-dimensional block con- 
struction, facial recognition, visual form 
discrimination," line cancellation, visual 
naming, and Token test. 

Environmental studies were performed 
and included the assessment of manganese 
air concentration, which was determined by 
graphite furnace atomic absorption spec- 
trophotometry, and carbon monoxide air 
concentration, determined by direct read- 
ing from a carbon monoxide analyzer (Kita- 
gawa COM-4) in different air samples. 

Manganese concentrations in blood, as 
well as in scalp and pubic hair,'* were mea- 
sured after a neutron flux of 2 X 10" neu- 
trons per square centimeter second irradi- 
ation for 5 minutes, with a Ge(Li) detector 
coupled to a 4096-channel, pulse-height an- 
alyzer. 

Therapeutic effects of both levodopa/ 
carbidopa and edetate disodium calcium in 
the patients were evaluated weekly with 
Modified Columbia Rating Scale assess- 
ments,” in which 0 indicated normal and 4 
maximum in deficit for each clinical picture 
as listed in Table 1, each form of treatment 
being given for 8 weeks in an open setting. 


RESULTS 


Clinical examination of these six 
patients revealed bradykinesia with 
masked face, diminished blinking, 
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clumsiness with impaired dexterity, 
and gait abnormalities. All patients 
also showed rigidity; five had hypopho- 
nia, and three a mild, low-amplitude 
tremor and micrographia (Table 1). 
Impotence and insomnia were present 
in three patients. Only one patient 
showed personality changes. Electro- 
encephalography, electromyography, 
nerve conduction velocity studies, and 
evoked potentials were all within nor- 
mal limits. Neuropsychological evalu- 
ation revealed impairment in the fa- 
cial recognition test and slowing in vi- 
sual constructive praxis. Extensive 
blood tests, urinalysis, and computed 
tomography of the brain did not reveal 
any abnormalities. Manganese concen- 
tration in blood, scalp, and pubic hair 
in all cases indicated definite acute and 
chronic intoxication (Table 2); values 
ranged from 3 to 300 times the normal 
levels. 

Environmental investigations 
showed raised manganese concentra- 
tions in the air, related to the distance 
to the smelting furnace, and probably 
caused by a defect in ventilation. High- 
est levels were about 28 mg/m’ 
(threshold limited value,‘ 1 mg/m’). 
All patients worked for more than 2 
years in the direct vicinity of the fur- 
nace without any protective equip- 
ment, as did four other unaffected co- 
workers. Carbon monoxide concentra- 
tions were measured between 15 and 60 
ppm (threshold limited value,” 50 
ppm). 

Six patients were treated with three 
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Fig 1.—Total score of the Modified Columbia 
Rating Scale for each patient derived from as- 
sessment of all clinical features before and 
during levodopa/carbidopa treatment in six 
patients with manganese intoxication. 
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Table 1.—Survey of Clinical Symptoms in Chronic Manganese-Intoxicated Patients 
(Modified Columbia Rating Scale) 
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Table 2.—Manganese Concentration in Blood, Scalp, and Pubic Hair 


Manganese Concentration 
——————_$_$$_$__L_L_L_L$_$_$$ $$$ 


Patient No. Blood, ppb Scalp Hair, ppm Pubic Hair, ppm 
1 101.9 30.2 55.7 


3 405.2 445.2 178.0 
5 363.7 59.3 318.3 


0.3-9.8 








7-12 0.1-2.2 









Reference range 
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Fig 2.—Facial expression in first patient before (A) and during (B) levodopa/carbidopa therapy. 
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to six tablets combining 100 mg of 
levodopa with 25 mg of carbidopa daily 
in an open study for 8 weeks. Modified 
Columbia Rating Scale scores, mea- 
sured each week, showed improve- 
ments over 50% (Fig 1). The improve- 
ments were statistically significant 
(P < .001, paired t test). Figure 2 shows 
the effect of this treatment on facial 
expression in one of the patients. How- 
ever, the facial recognition and visual 
constructive tests failed to show any 
improvement after the treatment. 
Edetate disodium calcium treatment 
in three patients over a similar period 
yielded no significant improvement. 


COMMENT 


We have described six patients with 
manganese poisoning verified by find- 
ing increased manganese concentra- 
tions in the blood, indicating current 
intoxication, and in scalp and pubic 
hair, indicating chronic intoxication." 
To our knowledge, the assessment of 
manganese levels in pubic hair has not 
been described before and seems to be 
useful; pubic hair levels were generally 
higher than scalp hair. Higher pubic 
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hair values are probably related to the 
slower rate of growth of these hairs 
compared with scalp hair. Carbon 
monoxide concentrations in the work- 
ing environment were also increased, 
but carboxyhemoglobin levels were 
not significantly raised nor were there 
any clinical signs or symptoms of car- 
bon monoxide intoxication, even 
though these subjects were heavy cig- 
arette smokers.'*!’ There were parkin- 
sonian clinical features with bradyki- 
nesia, rigidity, and clumsiness. It is of 
interest that the preliminary result of 
neuropsychological evaluation in our 
patients showed normal cognitive 
function except for visual perception, 
which is in contrast to the “manganese 
madness” reported in miners. This 
difference may be dose dependent since 
our patients had relatively mild dis- 
ease. 

Barbeau” emphasized that manga- 
nese neurotoxicity is best described as 
a low dopamine syndrome, with an 
early increase in dopamine turnover 
and more diffuse brain abnormalities 
than in Parkinson’s disease. In addi- 
tion to the neuropathological differ- 
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ences from Parkinson’s disease, there 
are also some clinical points of distinc- 
tion. Dyskinesias did not occur despite 
chronic treatment with high doses of 
levodopa.™ Moreover, postsynaptic 
dopamine receptor supersensitivity, 
which is thought to occur in Parkin- 
son’s disease, could not be evoked in 
manganese-exposed rats.” Termina- 
tion of manganese exposure tends to 
stabilize the clinical syndrome. 

In conclusion, we share the opinion 
that the clinical picture of chronic 
manganese intoxication resembles 
Parkinson’s disease. It may be com- 
pared as such with other infective, 
traumatic, or neurotoxic causes of par- 
kinsonism such as encephalitis lethar- 
gica, pugilist’s encephalopathy, and 
1-methyl-4-pheny]-1,2,3,6-tetrahydro- 
pyridine intoxication.” 

We believe that the response to 
levodopa should be confirmed in a dou- 
ble-blind study, which we plan to un- 
dertake shortly. 
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Exacerbation Rates and Adherence to Disease Type 
in a Prospectively Followed-up Population 
With Multiple Sclerosis 


Implications for Clinical Trials 


Donald E. Goodkin, MD; Doris Hertsgaard, PhD; Richard A. Rudick, MD 


@ Two hundred fifty-four patients with 
definite multiple sclerosis were followed 
up prospectively for 1 to 5 years (mean, 
2.6 years). None of the patients received 
immunosuppressive medication. Yearly 
exacerbation rates and each patient’s ad- 
herence to initial disease type were deter- 
mined. Disease type was defined at entry 
and prospectively each subsequent year 
as stable, relapsing remitting stable, re- 
lapsing remitting progressive, or chronic 
progressive. Exacerbation rates deter- 
mined prospectively did not decline sig- 
nificantly during 3 years of follow-up, even 
if patients were stratified by disease dura- 
tion. Adherence to the initially assigned 
disease type was highly variable. When 
followed up for 2 years, 30% of patients 
with chronic progressive disease had con- 
ditions become stable, 32% of patients 
with stable disease had conditions be- 


Clinical trials in multiple sclerosis 

(MS) tend to be restricted to one 
disease type (stable [S], relapsing re- 
mitting stable [RRS], relapsing remit- 
ting progressive [RRP], or chronic pro- 
gressive [CP]). In doing so, investiga- 
tors have argued that more uniform 
populations are studied, and in partic- 
ular the CP subtype has a more reli- 
able and predictable course than pa- 
tients with relapsing remitting sub- 
types. For this reason patients with CP 
MS have been selected for some studies 
that have investigated the effect of 
immunosuppressant drugs in patients 
with MS.'2 Disease type and exacerba- 
tion rate are usually defined prior to 
entry to clinical trials using retrospec- 
tive history and record review, while 
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come chronic progressive, 20% of pa- 
tients with relapsing remitting disease had 
conditions become stable, and 20% of pa- 
tients with relapsing remitting disease had 
conditions become chronic progressive. 
Patients with stable or relapsing remitting 
stable disease switched to one of the pro- 
gressive categories as frequently (44%) as 
patients with progressive disease stabi- 
lized (46%). Progression of disease mea- 
sured by changes in Kurtzke Expanded 
Disability Status Scores did not differ be- 
tween the different disease types. The re- 
sults challenge dogma regarding the natu- 
ral history of exacerbation rates and the 
assumption that we can reliably assign 
patients to a specific disease type. The 
findings have important implications for 
understanding the natural history of multi- 
ple sclerosis and designing clinical trials. 
(Arch Neurol. 1989;46:1107-1112) 


outcome measures are usually deter- 
mined prospectively during the course 
of the clinical trial.*'* Operational def- 
initions of key terms, such as exacer- 
bation, are usually lacking." The nat- 
ural history of disease subtypes, par- 
ticularly the proportion of patients 
actually adhering to a subtype with the 
passage of time, has not been deter- 
mined prospectively. Based on existing 
reports it is widely held that exacer- 
bation rates in patients with MS de- 
crease with time, and that once pa- 
tients enter the CP phase of the illness 
their conditions steadily decline and 
they lose the ability to walk within 2 
years.'!5'¢ We reexamined these as- 
sumptions by determining exacerba- 
tion rate and disease classification in a 
prospectively followed-up cohort of 
patients with MS. We used strict oper- 
ational definitions of disease classifi- 
cation and of exacerbation rate during 
the study. 


PATIENTS AND METHODS 


Four hundred twenty-five patients with 
MS (336 with clinically definite MS and 89 





with clinically probable MS) were exam- 
ined at a multidisciplinary MS clinic. Two 
hundred fifty-four patients with clinically 
definite MS returned for follow-up every 6 
months for 1 to 5 years (mean, 2.6 years) 
when no immunomodulatory drugs were 
received. Yearly exacerbation rates and ad- 
herence to (1) originally assigned disease 
type and (2) reassigned disease type were 
assessed during each year of follow-up be- 
ginning at year 2 of the study. The clinic 
began computerized data collection in May 
1983 and continued to enter data until July 
1988 when the data set was analyzed. All 
patients were seen by the same neurologist 
(D.E.G.) who performed standardized neu- 
rologic examinations from which Kurtzke 
functional systems scores (expanded dis- 
ability status score [EDSS]) and an Ambu- 
lation Index (AI)' were derived. Patients 
who experienced worsening of old symp- 
toms or the appearance of new symptoms 
before their scheduled visits were seen as 
soon as possible and reexamined. Whenever 
possible, examinations were performed 
during the morning hours. 

The following definitions were used dur- 
ing data collection and analysis: clinically 
definite and clinically probable MS were 
defined by the Workshop on the Diagnosis 
of MS held in Washington, DC, on April 26 
and 27, 1982.'’ Exacerbation was defined as 
a perceived worsening of old symptoms or 
appearance of new symptoms accompanied 
by a worsening of more than 0.5 points on 
the EDSS or more than 1.0 points on the AI 
lasting more than 5 and less than 60 days. 
Kurtzke functional system scores as clari- 
fied by descriptors were defined according 
to the Minimal Record of Disability.'* The 
yearly patient exacerbation rate was de- 
fined as the proportion of patients in the 
cohort having exacerbations per year. The 
rate was calculated for each year of the 
study. The yearly total exacerbation rate 
was defined as the yearly total number of 
exacerbations occurring in the cohort di- 
vided by the number of patients in the co- 
hort per year. This rate was determined for 
each year of the study. 

Disease type was defined at entry as fol- 
lows. Stable disease was defined as no per- 
ceived change in activities of daily living by 


the patient-or amily and no change in neu- 
6gic examinatien results, found in med- 
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P d . 
/ \ À 
\ 


A, 
a wt I s 


Byr 


r: jMultiple ‘oe etal 1107 
h; 


years prior to entry. Relapsing remitting 
stable disease was defined as the occurrence 
of exacerbation(s) from which total recov- 
ery occurred and without an overall change 
in level of daily functioning for a period of 
2 years before entry, confirmed by medical 
records if available. Relapsing remitting 
progressive disease was defined as the oc- 
currence of exacerbation(s) from which in- 
complete recovery occurred as manifested 
by some change in level of function for ac- 
tivities of daily living during the 2 years 
prior to entry, confirmed by medical records 
if available. Chronic progressive disease 
was defined as a gradual deterioration in 
level of function without associated exacer- 
bation in the 2 years prior to study entry, 
confirmed by medical records if available. 

Disease type was assigned during pro- 
spective follow-up as follows. Stable disease 
was defined as the absence of exacerbation 
and lack of change in EDSS and AI from 
entry to 2 years of follow-up. Relapsing re- 
mitting stable disease was defined as the oc- 
currence of exacerbation(s) within 2 years 
of follow-up, from which EDSS and AI re- 
turned to less than or equal to entry values 
within a period of 6 months. Relapsing re- 
mitting progressive disease was defined as 
the occurrence of exacerbation(s) within 2 
years of follow-up from which the EDSS or 
AI did not return to less than or equal to 
entry values within a period of 6 months. 
Chronic progressive disease was defined as 
the absence of exacerbations within 1 year 
of follow-up and the occurrence of gradual 
deterioration in function associated with 
greater than or equal to 0.5 points on the 
EDSS or greater than or equal to 1.0 points 
on the AI lasting more than 2 months. 

The initial disease site was defined as fol- 
lows based on the patient’s history and 
findings on neurologic examination at the 
time of initial presentation. Where presen- 
tation antedated intake to this clinic, old 
neurologic records were required to assign 
the initial site. Where multiple symptoms 
occurred, the first noted by the patient was 
taken as the initial site. Optic neuritis was 
defined as monocular decrease in visual 
acuity with central or centrocecal scotoma 
lasting greater than 5 days. Brain-stem/ 
cerebellar initial disease site was defined as 
cranial nerve deficits with or without motor 
and/or sensory long tract findings or inter- 
nuclear ophthalmoplegia or ataxia or 
crossed sensory findings involving face and 
body. Long tract motor/sensory initial dis- 
ease site was defined as weakness or sensory 
deficit without associated ataxia or cranial 
nerve findings. Cortical/cerebral initial dis- 
ease site was defined as higher cognitive 
dysfunction manifest by impairment in 
memory, confusion, deteriorating job per- 
formance or interpersonal relationships 
without accompanying focal weakness or 
sensory disturbance or alternative expla- 
nation, or as a visual field deficit referable 
to optic radiation or tract. 

The following methods were used in the 
statistical analysis of the data. The x? test 
was used to examine for statistically sig- 
nificant differences between groups of pa- 
tients when looking for independence of two 
sets of frequencies (eg, numbers of male and 
female subjects categorized by disease 
type). The f test was used to examine for 
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differences between the means of groups 
(eg, the average EDSS of male and female 
subjects with a specific initial disease site). 
The P value indicates the level of signifi- 
cance of calculated differences between 
groups. 


RESULTS 


The patient population (N = 425) 
consisted of 336 patients with clini- 
cally definite MS and 89 patients with 
clinically probable MS as of July 1988. 
The age of onset, gender distribution, 
and initial disease site were similar to 
other reported large MS populations 
and are summarized in Figs 1 and 2. 

Figures 3 and 4 depict EDSS and AI 
scores for the original 425 patients. 
When EDSS was analyzed in terms of 


30 











disease type a predictable pattern of 
higher scores in the RRP and CP types 
was found (Fig 5). When EDSS was 
examined in terms of disease duration 
a similar pattern of increasing EDSS 
values was seen (Fig 6). The EDSS, 
however, was significantly lower in 
this population if the initial disease 
site was optic neuritis, even though the 
disease duration for this site and other 
initial disease sites did not differ sig- 
nificantly (Tables 1 and 2). If male 
subjects were analyzed separately, 
this difference (between EDSS for op- 
tic neuritis and EDSS for other initial 
disease sites) was no longer significant 
(P = 571, F = 0.334). 

Disease type, which was determined 
from patient history and neurologic 
records, was reassigned yearly begin- 
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Fig 1.—Age of onset (N = 425). 
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ning at year 2 of the study (Table 3). 
The distribution of disease types at 
entry and at the year-2 reassignment 
showed a significant change, as sum- 
marized in Table 4. There was no sig- 
nificant difference in disease type be- 
tween patients unavailable for follow- 
up (N = 262) and those seen at entry 
(N = 425), strongly suggesting that 
disease type at entry had little effect 
on whether a patient chose to maintain 
follow-up at the clinic. It seems likely 
that the change between disease types 
with the passing of time had an alter- 
native explanation. 

To investigate the change in distri- 
bution of disease types over time, each 
patient’s adherence to disease type 
was assessed in two ways. First, we 
examined the stability of the disease 
type in 163 patients from initial clas- 
sification to subsequent classification 
at 2 years of follow-up (Table 5). The 
maximal adherence to any single dis- 
ease type, such as S, was 59.5%. The 
patients with the S subtype of MS 
showed less chance (40% ) of changing 
to progressive types (RRP and CP) 
than did the patients with RRS (68%), 
RRP (62%), and CP (69%) (P =.08, 
x? = 9.239). The adherence to combined 
progressive types (CP and RRP) was 
67% and to combined S types (S and 
RRS) was 44%. 

Second, 187 patients with clinically 
definite MS were classified by disease 
type by combining patients with the 
CP subtype followed up 1 year with all 
patients who underwent 2 years of fol- 
low-up (Table 6). These patients were 
then followed up an additional 1 
(N =131) or 2 years (N = 67). The 
maximal adherence for patients withS 
or CP MS to disease type was 50% at 2 
years. The adherence to combined S 
types (S and RRS) was 52% at 1 year 
and 30% at 2 years. The adherence to 
combined progressive types (CP and 
RRP) was 44% at 1 year and 59% at 2 
years. The relatively smaller chance 


for patients with S types of MS to con- 
vert to progressive types noted at 2 
years became less evident as the sam- 
ple was prospectively followed up to 
the 4-year observation point. 

We investigated the possibility that 
initial disease type was correlated 
with change in EDSS over a 2-year pe- 
riod. This was determined in 163 pa- 
tients prospectively followed up for 2 
years (Table 7). Although the EDSS 
for the CP type was higher at entry 
(P < .0001, f = 22.53) than for the 
other disease types, and a trend for 
greater progression as measured by 
EDSS was seen in this type, no signif- 
icant difference between any of the 
disease types was found for change of 
EDSS over the 2 years (P = .1296, 
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Fig 3.—Current expanded disability status scores (N = 425). 
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Current Al Score 
Fig 4.—Current ambulation index (Al) scores (N = 425). 


F = 1.90). This lack of significant dif- 
ference may be due in part to the large 
variability of EDSS within types as 
well as the frequent occurrence of type 
change with the passing of time. 
Exacerbation rates were analyzed 
for patients with RRS and RRP types 
(Table 8). The total exacerbation rate 
showed no significant difference for 
years 1 (0.648), 2 (0.614), and 3 (0.654) 
of follow-up. There was no significant 
difference within each year after strat- 
ification by disease duration into 
groups with MS for 1 to 3 years, 4 to 8 
years, and greater than 8 years. 


COMMENT 


This cohort of patients with MS was 
similar to other large series reported 
with respect to age of onset, gender, 
initial site of involvement, and ten- 
dency to progression of disability with 
increasing disease duration.**'*"> Our 
finding that optic neuritis as an initial 
disease manifestation was associated 
with lesser disability has been noted 
previously. In this study, how- 
ever, that finding was confined to 
women for reasons that are unclear. 

Certain widely held but poorly doc- 
umented notions about MS have im- 
portant implications for therapeutic 


trials of experimental therapies. For 
example, it is widely believed that ex- 
acerbation rates decline with disease 
duration. Concerns therefore exist 
that exacerbation rate may not be a 
good indicator of disease activity’ and 
that clinical trials using exacerbation 
rates as primary outcome measures 
may be biased in favor of finding a 
therapeutic response. Additionally, it 
is commonly stated that most patients 
with progressive MS lose independent 
ambulation within 2 years of the onset 
of progression and that such patients 
rarely remit spontaneously. Conse- 
quently, investigators have restricted 
entry into certain clinical trials to pa- 
tients with CP disease for the purpose 
of creating a homogeneous group in 
which to test a therapy. Although 
these beliefs are widely held, to our 
knowledge there are no prior reports of 
patients with MS prospectively stud- 
ied using operational definitions of ex- 
acerbations and disease type. 

The report by Muller’ of decreasing 
frequency of “bouts” with disease du- 
ration relied on retrospective data for 
analysis, making interpretation diffi- 
cult. Although Thygesen? examined 
patients prospectively for 18 months, 
his determination of exacerbation 
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ing remitting progressive; and CP, chronic pro- 
gressive. 


rates per year since onset of disease 
was predominantly based on retro- 
spective data. In the study of Fog and 
Flemming," patients were followed up 
yearly in a prospective fashion to de- 
termine yearly exacerbation rates. Ex- 
acerbations were defined subjectively, 
however, as “...episodic exacerba- 
tions which have either been observed 
by the patient as being so pronounced 
that they have altered his condi- 
tion. ..in the form of a deficit symp- 
tom, or have been observed by his 
family.” Interestingly in the study of 
Fog and Flemming, exacerbation rates 
did not decline with disease duration. 

It is to McAlpine et al’ and Leibow- 
itz et al’ that authors most frequently 
refer when quoting declining exacer- 
bation rates with time and increas- 
ing disease duration. The data of 
McAlpine et al were based on a review 
undertaken in 1948 to 1950 from pa- 
tients seen predominantly at the Mid- 
dlesex Hospital from 1930 to 1950.45 
McAlpine‘ also followed up a group of 
patients prospectively. The exacerba- 
tions in his material were defined sub- 
jectively, based on symptoms, and the 
extent to which objective correlation 
was present cannot be determined. In 
addition, exacerbation rates were de- 
termined from a mixture of data ob- 
tained retrospectively and prospec- 
tively. Although a tendency for de- 
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* Significant difference for optic neuritis EDSS for total population (P = .002; F = 6.433) but not for male 


subjects (P = .571; F = 0.334). 


Table 1.—Expanded Disability Status Score (EDSS) and Disease Duration 
According to Initial Disease Site 


Disease Site N = 425 Mean + SD Mean + SD 
Long tract 265 4.35 + 2.58 13.88 + 11.45 
Brain stem/cerebellar 100 4.76 + 2.28 













EDSS, * Disease Duration,t y, 













12.21 + 9.36 
13.62 + 11.01 





3.35 + 1.89 






tNo significant difference for duration according to site (P = .571: F = 0.5701). 


Table 2.—Disease Duration and Expanded Disability Status Score (EDSS) According to 


Disease Type 





N = 425 


Mean + SD 


EDSS,t Disease Duration,¢ y, 


Mean + SD 


Disease Type * 
| Stabe o O ü aessaet O= 872 1300. | 
O E a T GOD 
a a ee Sy. eee YT ora 
2 


RS 15 
RP 4 
14 


iOS +. 1, 8. ; 
.49 + 2. 9. à 


CP 6.38 + 1.74 18.58 + 10.84 


* RRS indicates relapsing remitting stable; RRP, relapsing remitting progressive; and CP, chronic progressive. 
tMean EDSS values significantly differ between disease types (P = .0001; F = 94.714). 
¢The mean disease durations were significantly different when compared by types (P < .0001; F = 28.37). 


creasing exacerbation rates with time 
was reported, it was not recognizable 
until after the 10th year of disease 
onset.’ Leibowitz et al’ completed a 
country-wide survey of patients with 
MS in Israel in 1961. Cases were ob- 
tained by record review but those pa- 
tients with probable or possible MS 
were personally examined. Although 
exacerbations were defined, patients 
were not frequently examined and 
data regarding the exacerbations were 
largely retrospective. Leibowitz et al 
stated that exacerbation rates were 
“inexact” and at best “an approxima- 
tion.” 


In a more recent study by Broman et 
al,'* decreasing exacerbation rates per 
time were again reported. However, 
this study compared rates obtained 
retrospectively and prospectively and 
it is unclear how frequently patients 
were reexamined and what the criteria 
for exacerbation were. 

These and other anecdotal or expe- 
riential reports of the clinical course of 
MS may be misleading for a number of 
reasons. Most reports depend on sub- 
jective definitions of exacerbation 
rather than operational definitions 
that include objective criteria and 
specify boundaries of duration. Most 
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Table 3.—Time Line Guide for 
Disease Types (S, RRS, RRP, CP) 
Assigned and Reassessed 
During Study” 


Time of Assignment 
7-—“—_——n — a 
Entry End 
(0) 1y 2y 3y 4y 
No. of 
patients 
typed 425 187 163 131 67 


* 0 indicates type assigned at entry; 1 y, type re- 
assessed after 1 year of follow-up; 2 y, type reas- 
sessed after 2 years of follow-up; 3 y, type reas- 
sessed after 1 additional year of follow-up; and 4 y, 
type reassessed after 2 additional years of follow-up. 
S indicates stable; RRS, relapsing remitting stable; 
RRP, relapsing remitting progressive; and CP, chronic 
progressive. 


reports include a mixture of retrospec- 
tively and prospectively acquired data, 
rather than exclusively prospective 
follow-up, including sufficiently fre- 
quent visits to minimize the likelihood 
of missing exacerbations. Retrospec- 
tively acquired data are likely to be 
unreliable since they rely on patients’ 
memories and medical records that all 
too often lack findings from standard- 
ized neurologic examinations. 

The present study attempted to 
avoid prior methodological difficulties 
by employing operational definitions 
of exacerbations. Yearly exacerbation 
rates were calculated only for prospec- 
tively followed-up patients. There was 
no significant change in yearly total or 
individual patient exacerbation rates 
during 3 years of prospective follow- 
up, even when patients were stratified 
by disease duration. Although falling 
exacerbation rates might indeed be 
found with the passage of more time, it 
appears likely that clinical trials in 
patients with relapsing remitting dis- 
ease, confined to 3 years of prospective 
follow-up, should not be confounded by 
spontaneously declining exacerbation 
rates. 

The fact that declining exacerbation 
rates in placebo and treatment groups 
have been reported in several studies is 
of great interest, leading to specula- 
tion that treatment with placebo alone 
is beneficial when using exacerbation 
rate as an end point. This finding may 
yet be shown to be an artifact of meth- 
odology in comparing exacerbation 
rates derived retrospectively with 
those obtained prospectively. This in- 
terpretation is supported by analysis 
of control patients who have been fol- 
lowed up prospectively 18 months or 
longer before entry into a double- 
blinded trial of azathioprine presently 
underway (Table 9). These patients, in 
fact, showed no significant difference 
in exacerbation rates before or 1 year 
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Table 4.—Disease Type at Entry and at 2 Years of Prospective Follow-up 


Unavailable for Followed up 
Entry Follow-upt at 2 ył 
(N = 425), (n = 262), (n = 163), 
Disease Type” No. (%) No. (%) No. (%) 









41 (15.6) 53 (32.5) 
RRS 155 (36.5) 114 (43.6) 9 (5.5) 
RRP 49 (11.5) 25 (9.5) 41 (25.2) 
CP 143 (33.6) 82 (31.3) 60 (36.8) 


* RRS indicates relapsing remitting stable; RRP, relapsing remitting progressive; and CP, chronic progressive. 

tNo significant difference between distribution of disease types for patients at entry and for those unavailable 
for follow-up (P = .3076; x? = 3.604). 

Significant difference between the distribution of disease types at entry and at 2-year follow-up (P < .0001; 
x? = 65.70). 


Table 5.—Patients Remaining in Entry Type After 2 Years of Prospective Follow-up * 


Disease Type at 2-y Prospective Follow-up, 














At Entry (N = 163) No. (%) 
eee ee nn 
Disease Type No. Stable CP RRS RRP 
RRS 41 8 (19.5) 11 (26.8) 4 (9.8) 18 (43.9) 
RRP 24 5 (20.8) 2 (8.3) 4 (16.7) 13 (54.2) 





*The stable type showed less chance of changing to chronic progressive (CP) and relapsing remitting pro- 
gressive (RRP) over 2 years than relapsing remitting stable (RRS), RRP, or CP (P = .03; x? = 9.239). 


Table 6.—Change in Disease Type for Patients Prospectively Classified and Followed 
up an Additional 1 (N = 131) or 2 (N = 67) Years* 


Disease Type After 1 (N = 131) and 
2 (N = 67) Additional Years 
of Follow-up 

nn IN 
Stable, CP, RRS, RRP, 
No. (%) No. (%) No. (%) No. (%) 
28 (48.3) 26 (44.8) 0 (0) 4 (6.9) 
8 (27.6) 16 (55.2) 0 (0) 5 (17.2) 
23 (48.9) 12 (25.6) 5 (10.6) 7 (14.9) 
9 (34.6) 13 (50) 1 (3.8) 3 (11.6) 

2 (28.6) 1 (14.3) 4 (57.1) 0 (0) 

0 (0) 0 (0) 1 (100) 0 (0) 

8 (42.1) 5 (26.3) 1 (5.3) 5 (26.3) 
2 (18.2) 6 (54.5) 3 (23.3) o (0) 
* CP indicates chronic progressive; RRS, relapsing remitting stable; and RRP, relapsing remitting progressive. 


Disease Type 2 y 
After Entry 


(N = 163) Years 


after study entry. 

To our knowledge, no studies have 
carefully addressed adherence to dis- 
ease type over time. We have examined 
this question by classifying patients at 
entry and reclassifying them after 1 or 
2 years of follow-up. These patients 
were then followed up through years 3 
and 4 to assess the stability of disease 
type. We found that a highly signifi- 
cant number of patients changed types 
with continued prospective follow-up. 
This was the case for patients classi- 
fied at entry based on history and 
record review as well as for patients 
classified after 2 years of prospective 
follow-up. The change in disease type 
did not appear to be due to the charac- 
teristics of patients unavailable for 
follow-up, since they did not differ sig- 





Table 7.—Change in EDSS Over 2 
Years According to Disease Type 
(N = 163)* 


Change 

in Score 

at 2 y,ł 
Mean + SD 


Score at 
Entry,t 
Mean + SD 
6.025 
3.878 
2.770 
3.163 


* EDSS indicates expanded disability status score; 
S, stable; RRS, relapsing remitting stable; RRP, 
relapsing remitting progressive; and CP, chronic pro- 
gressive. 

tSignificant differences between EDSS at entry for 
disease types (P < .0001; F = 22.53). 

No significant difference in changes in EDSS over 
2 years for disease types (P = .1296; F = 1.90). 


Disease 
Type 
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Year of 
Follow-up No. 








Total 26 


Table 8.—Prospectively Determined Total Exacerbation Rates: Stratified by 
Disease Duration 


*No significant difference in mean total exacerbation rates for years 1 through 3 (P = .9573; F = 0.03). No 
significant differences in total exacerbation rates within 









Rate, * 
Mean + SD 


0.68 + 0.84 
0.64 + 1.09 
0.67 + 0.87 
0.65 + 0.91 
0.57 + 0.73 
0.86 + 0.86 
0.50 + 0.89 
0.61 + 0.82 
0.73 + 1.01 
0.80 + 0.84 
0.50 + 0.85 
0.65 + 0.89 


Disease 
Duration, y 






































years when stratified by disease duration: year 1 


(P = .9603; F = 0.03); year 2 (P = .4339: F = 0.85); and year 3 (P = .7903; F = 0.24). 


Table 9.—Yearly Total Exacerbation 
Rate for Azathioprine Protocol 
Control Patients 


Exacerbation 





Rate, * 
Mean + SD 
Preentry 19 1.509 + 0.375 
Postentry 19 1.263 + 1.368 


* No statistically significant difference for total ex- 
acerbation rates by year (P = .4705; t = 0.74). 


nificantly from the original popula- 
tion. The change in disease type each 
year therefore seems to reflect the in- 
herent variability of a prospectively 
followed MS population. Indeed, it 
seems doubtful that assigning disease 
types has practical value, particularly 
if intended to imply a future disease 
course. The likelihood of stabilization 
or progression is so variable at 1 or 2 
years of follow-up that adherence to 
any disease type is at best 60%. 

The ability for disease type to pre- 
dict change in EDSS over 2 years was 
also very limited. Even though pa- 
tients with CP disease did in fact have 
longer disease duration and higher 
EDSS at entry and did progress over 2 
years to a mean EDSS of 6.5, the extent 
of their progression was not signifi- 
cantly more impressive than the pa- 
tients with S, RRS, or RRP disease. It 
is noteworthy that after 2 years of 
prospective follow-up, 33% of patients 
with CP disease have an EDSS of less 
than 6.0 and 60% have an EDSS of less 
than 6.5. The majority of these pa- 
tients are therefore still walking with 
assistance at that time. 

The findings reported have the fol- 
lowing implications for clinical trials: 
(1) The disease course of patients with 
MS is highly variable. The magnitude 
of this variability is such that disease 
types do not reliably predict future 
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disease course or a particular level of 
function when patients are followed up 
prospectively for 4 years. (2) The sta- 
tistical analysis of therapeutic trialsin 
MS should take into account the ob- 
servation that a significant number of 
patients will experience a spontaneous 
change in type during the course of the 
study. The change may be stabilization 
or progression irrespective of disease 
type assigned at entry. (3) Although 
exacerbation rates are stable for 3 
years in patients with relapsing remit- 
ting MS, a reduction in exacerbation 
rate should not be the sole or primary 
outcome measure of any clinical trial. 
Since we have shown that (1) a signif- 
icant number of patients with relaps- 
ing remitting disease will have their 
conditions become CP (no exacerba- 
tions) and (2) that progression of dis- 
ease as measured by change in EDSS 
occurs in all disease types over time, it 
would not be unexpected to see a re- 
duction in the number of exacerba- 
tions in the composite of all types with 
progression of disability. Such an “im- 
provement?” in exacerbation rate 
clearly would not accurately reflect 
disease activity. Including a compari- 
son of the percentages of patients who 
change between S and progressive cat- 
egories in the different treatment 
groups would be desirable. (4) It is 
suggested that a comparison of the 
frequency of “treatment failure” dem- 
onstrated by objectively defined, pre- 
determined levels of change in mag- 
netic resonance imaging,”’” EDSS, 
and test(s) of upper extremity 
function” between treatment and pla- 
cebo groups also be considered as out- 
come measures for clinical trials. 
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Cognitive Disturbances in Patients With 
! Relapsing Remitting Multiple Sclerosis 


William W. Beatty, PhD; Donald E. Goodkin, MD; Nancy Monson; Patricia A. Beatty, PhD 


è The performance of 42 patients with 
relapsing remitting (RR) multiple sclerosis 
was compared with that of 24 age-, edu- 
cation-, and gender-matched control sub- 
jects on a battery of neuropsychological 
tests known from previous studies to be 
sensitive to the impairments of patients 
with chronic progressive (CP) multiple 
sclerosis. Like CP patients, RR patients 
exhibited deficits on tests of information- 
processing speed, verbal fluency, and 
problem solving, and on recall measures 
of anterograde and remote memory. Al- 
though a few patients were mildly dysnom- 
ic, the RR patients were not generally im- 
paired on visual confrontation naming and 
they did not exhibit perseverative re- 
sponding on verbal fluency measures. The 
pattern of neuropsychological deficits ex- 
hibited by RR patients closely approxi- 
mates the profile observed in other sub- 
cortical dementias and does not contain 
the features of cortical dementia evident 
in some CP patients. The impairments of 
RR patients on cognitive tests were less 
severe than those observed in CP patients 
in our previous studies. Differences in the 
age of patients in the CP and RR groups did 
not account for group differences in the 
severity of cognitive impairments, but dif- 
ferences in disease duration or severity of 
disability, as well as disease course, could 
explain why CP patients exhibit more seri- 
ous cognitive disturbances than RR pa- 
tients. 

(Arch Neurol. 1989;46:1113-1119) 


Studies of cognitive functioning in 

patients with multiple sclerosis 
(MS) consistently reveal deficits on 
tests of anterograde memory’* and on 
tasks that require rapid information 
processing'’ or problem solving.*" 
Mood disturbances, which are com- 
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monly reported in patients with 
MS,» may contribute to their cogni- 
tive impairments. Since this neuropsy- 
chological profile is also observed in 
Parkinson’s disease and Huntington’s 
disease, disorders in which the pri- 
mary pathological changes involve the 
thalamus, basal ganglia, and related 
brain-stem nuclei, Rao!’ suggested 
that MS might also be considered a 
type of “subcortical” dementia." 

In recent studies'”’ of patients with 
chronic progressive (CP) MS, we con- 
firmed previous reports of slowed in- 
formation processing, anterograde 
memory deficits, and problem-solving 
difficulties and also demonstrated im- 
pairments in remote memory that 
were equally severe for information 
acquired in each of the five decades 
tested. Patients with Huntington’s 
disease” or Parkinson’s disease?” 
also exhibit “flat” temporal gradients 
of retrograde amnesia, while patients 
with Alzheimer’s disease, a prototype 
of cortical dementia, do not.” Hence, 
our findings regarding the time course 
of retrograde amnesia in MS added 
support to Rao’s'’ hypothesis. How- 
ever, almost 40% of the patients in our 
study! also exhibited marked naming 
difficulties that were evident even with 
cueing. Dysnomia is characteristic of 
Alzheimer’s disease, even in the early 
stages of this disease,*** but is not 
usually apparent in Huntington’s dis- 
ease or Parkinson’s disease unless the 
dementia is at least moderately 
severe.2*! Considered altogether, our 
findings indicated that the neuropsy- 
chological profile of patients with the 
CP form of MS contains features of 
both cortical and subcortical demen- 
tia. 

Other studies of naming in patients 
with MS have produced mixed results. 
In two studies? mild impairments in 
the MS group were observed, while in 
two other studies?” no significant def- 
icits were evident. Data were not pre- 
sented separately for subgroups of CP 
or relapsing remitting (RR) patients in 
any of these four studies. Since Heaton 
and colleagues” found increases in er- 
rors on an aphasia screening exami- 
nation only in CP patients, it seemed 


possible that naming deficits might 
also be limited to patients diagnosed 
with this disease type. If this hypoth- 
esis is correct, then the inconsistencies 
in outcome among previous studies of 
naming in MS might arise from dif- 
ferences in the proportion of CP and 
RR patients in the various samples. 
One purpose of this study was to mea- 
sure naming in RR patients, using the 
Boston Naming Test,** the same in- 
strument used in our previous study’ of 
CP patients. 

Heaton et al"! also found that the 
impairments of CP patients were more 
severe than those of RR patients on a 
number of cognitive variables and on 
nearly all of the sensorimotor mea- 
sures included in the study. Unfortu- 
nately, they did not provide opera- 
tional definitions for either disease 
course. In our earlier study,' an opera- 
tional definition of chronic progression 
was employed. 

In this study we sought to determine 
the generality of the difference be- 
tween RR and CP patients using a dif- 
ferent neuropsychological battery. 
Chronic progressive patients dis- 
played impairments on all of the tests 
in the battery, which were selected to 
minimize the confounding influences 
of deficits in sensory and motor func- 
tion with cognitive performance. Of 
particular interest was the status of 
remote memory in RR patients, since 
our previous report of impairment in 
CP patients is the only published study 
of this aspect of memory in MS pa- 
tients of which we are aware. Only pa- 
tients who met strict operational cri- 
teria for RR were included in this 
sample. 


SUBJECTS AND METHODS 


A total of 42 patients (12 males, 30 
females) with clinically definite MS* of 
greater than 12 months’ duration were re- 
cruited from the North Dakota Multiple 
Sclerosis Clinic, Fargo, patient population. 

In this population exacerbations were 
defined as the appearance of one or more 
new symptoms combined with objective de- 
terioration on a standardized neurological 
examination resulting in an increase of at 
least 0.5 on the Expanded Disability Status 
Scale (EDSS),* or an increase of at least 1.0 
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on the Ambulation Index (AJ),’ or at least 
20% deterioration on the box and block test 
or the 9-hole peg test.* Such worsening 
must have lasted at least 5 days and not 
more than 60 days from onset to peak dete- 
rioration and must have occurred in a 
patient who was otherwise stable for 30 
days prior to the onset of new signs and 
symptoms. Worsening must have occurred 
in the absence of febrile illness, drug reac- 
tion, or obvious side effect, or steroid with- 
drawal within the last month. Chronic pro- 
gression was defined as an observed deteri- 
oration in neurological status over a 
minimum of 6 months as measured by at 
least a 0.5-grade worsening (ie, increase) on 
the EDSS or a one-grade worsening on the 
AI that was not accompanied by subsequent 
improvement. Exacerbations were not evi- 
dent in the CP patients. Relapsing remit- 
ting patients were characterized by exacer- 
bations with subsequent full or partial re- 
mission of symptoms. All RR patients had 
experienced at least two exacerbations in 
the 2 years prior to neuropsychological 
testing. 

The patients averaged 38.1 + 7.7 years of 
age, 14.4 + 2.1 years of education, and 
4.3 + 3.2 years of disease since diagnosis. 
The EDSS* and AI” scores, obtained at the 
time of the regular clinic visit closest in 
time to the neuropsychological testing 
(generally within 3 months), averaged 
2.1+1.9 and 1.8 + 1.7, respectively. At 
least 1 month elapsed between the occur- 
rence of an exacerbation or the termination 
of intravenous therapy with corticotropin 
(adrenocorticotropic hormone) or oral 
treatment with steroids (prednisone or dex- 
amethasone) and testing. At the time of 
testing, 4 patients were receiving ongoing 
treatment with muscle relaxants and 4 
other patients were receiving antidepres- 
sants. No patient was receiving an anti- 
cholinergic medication for bladder control. 
Seventeen patients were participating in an 
ongoing double-masked placebo-controlled 
trial to determine the efficacy of treatment 
with the immunosuppressant azathioprine 
on various neurological indexes. Because 
the trial is still in progress, the cognitive 
effects (if any) of azathioprine are not 
known. 

Normal control subjects (5 males, 19 
females) were recruited from the commu- 
nity and paid for their participation. They 
averaged 37.3 + 84 years of age and 
14.4 + 1.6 years of education. All subjects 
gave written informed consent after a thor- 
ough explanation of the procedures. Pa- 
tients or control subjects with a history of 
alcohol or drug abuse, serious head injury, 
learning disability, central nervous system 
diseases (other than MS for the patients), 
or major psychiatric illness were excluded. 

To minimize fatigue, the neuropsycholog- 
ical tests were administered in two ses- 
sions, separated by at least 24 hours. Each 
session lasted no more than 2 hours. The 
following tests were administered and 
scored as described in our previous 
studies? or in published test manuals: 
Mini-Mental State Examination,” Beck De- 
pression Inventory (BDI),*! Boston Naming 
Test,* Wisconsin Card Sorting Test 
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(WCST),* the short form of the Benton Fa- 
cial Recognition Test (BFRT),* Symbol 
Digit Modalities Test (SDMT),“ and Re- 
mote Memory Battery (RMB).! 

As in our previous study, subjects re- 
sponded orally on the SDMT and immedi- 
ately after completion of the standard 
90-second-long substitution phase they 
studied the symbol-digit key for 30 seconds 
and attempted to memorize it. Recall of the 
key was tested immediately and after a 30- 
minute delay. Testing materials (the RMB) 
and procedures for assessing remote mem- 
ory were identical to those used previously, ' 
except that famous faces and public events 
questions from the 1940s were not pre- 
sented because subjects in this study aver- 
aged about 10 years younger than those 
tested previously. If subjects could not cor- 
rectly recall an item from the RMB, they 
were given a card listing the correct alter- 
native and three distractors and asked to 
select one of the four alternatives. Perfor- 
mance on the recognition portion of the 
RMB is the sum of the number of items 
spontaneously recalled correctly plus the 
number of items correctly recognized. 

Both letter fluency (FAS) and category 
fluency (animals, fruits, parts of the body) 
were studied as described previously,' with 
60 seconds allowed for responding (gener- 
ating as many words as possible) to each 
letter or category. 

Verbal long-term memory was assessed 
by requiring subjects to learn a 14-word 
list. Immediate recall was measured after 
each of the four acquisition trials. Thirty 
minutes later delayed recall and delayed 
(yes-no) recognition were measured. Mate- 
rials and procedures are described in our 
previous article.' 

In addition, verbal short-term memory 
(STM) was studied using the same version 
of the Brown-Peterson task employed in 
our earlier study.'! The procedure, which 
was inadvertently omitted from that arti- 
cle, was as follows. Subjects were read a list 
of four unrelated words at the rate of one 
word/second followed by a three-digit num- 
ber from which they counted backwards (by 
2’s or 3’s) for 15 seconds until stopped by the 
examiner. Then, they attempted to recall as 
many words as possible. After a 10-second- 
long recall period another list of four words 
was read. This procedure was repeated for 
a total of 10 trials. Dependent variables 
were the number of words correctly re- 
called, the number of omissions, the num- 
ber of prior item intrusions (ie, words from 
a previous list), the number of extralist in- 
trusions (ie, words not on any list), and the 
percentage of perseverative responses (ie, 
the number of prior item intrusions plus the 
number of repeated extralist intrusions di- 
vided by the total number of words pro- 
duced expressed as a percentage). 


RESULTS 


Table 1 summarizes performance on 
all measures except for the RMB. On 
the self-reported measure of depres- 
sion (BDI) patients obtained higher 
scores than control subjects, which is 
indicative of greater depression. How- 


ever, the severity of depression was 
rather modest. Twelve of the patients 
had BDI scores above 9, but only 1 
scored above 16 and none scored above 
20. The groups did not differ signifi- 
cantly on the Mini-Mental State 
Examination, but the patients with 
MS attained significantly lower scores 
than the control subjects on the facial 
recognition test (BFRT). However, 
only 5 patients scored in the borderline 
or defective range according to pub- 
lished norms.” 

The SDMT requires subjects to sub- 
stitute digits for geometric symbols 
with which the digits are arbitrarily 
paired as rapidly and accurately as 
possible. The substitution phase of the 
task measures (primarily) the ability 
to process novel information rapidly. 
During this phase the patients with 
MS produced fewer correct responses 
than the control subjects, but they did 
not make significantly more errors 
(mean, 1.5 vs 0.8 errors; F, 1.68, not 
significant). On the memory phase of 
the task the patients were also im- 
paired, apparently because they ac- 
quired less information during the 
study period. The Groups X Delay 
Condition interaction was not signifi- 
cant (F, <1), suggesting that the rates 
of forgetting were similar for patients 
with MS and control subjects. To ex- 
amine the possible influence of im- 
paired visual perception, the data were 
reanalyzed, excluding scores of the 5 
patients who scored below the normal 
range on the BFRT. Group differences 
remained significant on the substitu- 
tion phase of the task, but not on the 
memory phase. 

Verbal fluency tests demand rapid 
retrieval of established knowledge 
from semantic memory. The patients 
with MS produced fewer correct words 
than the control subjects on both the 
letter and category fluency tasks. The 
numbers of repetitions of words previ- 
ously uttered (mean, 1.0 for both 
groups on both tasks) and the number 
of rule violations (eg, producing a word 
from the wrong category; mean, 0.2 for 
both groups on both tasks) were low, 
indicating that both patients and con- 
trol subjects understood the task. 

When required to name line draw- 
ings of objects on the Boston Naming 
Test, the performance of patients did 
not differ significantly from that of 
control subjects. Similar results were 
obtained when subjects attempted 
naming without cues, as well as when 
stimulus and phonemic cues were pro- 
vided. Despite normal performance of 
the group as a whole, 6 patients at- 
tained scores of 50 or below (ie, at least 
2 SDs below the control mean) on 
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Table 1.—Mean (SD) Performance on Neuropsychological Tests * 


Control 
Subjects 


2.9 (5.1) 
29.5 (0.7) 
23.8 (1.8) 


MMSE 
BFRT, raw score 


SDMT 
No. correct 


Immediate recall§ 
Delayed recall§ 


Verbal fluency, No. correct 
Letter (FAS) 


Categories 


BNT 
Without cues 


With cues 


WCST 
Categories achieved 


Perseverative responses 

Perseverative errors 

Nonperseverative errors 
STM, No. correctly recalled 


Free recalll| 
Trial 1 


Trial 2 
Trial 3 
Trial 4 


59.0 (9.1) 
7.5 (1.6) 
6.8 (2.4) 


42.8 (12.7) 
66.8 (12.4) 


56.1 (2.8) 
58.5 (1.6) 


5.6 (1.2) 
10.8 (9.2) 
9.7 (7.5) 
8.7 (9.1) 
23.5 (5.8) 


6.6 (2.2) 
9.5 (1.9) 
10.6 (1.5) 
11.8 (1.9) 
10.2 (2.8) 


F (1,64) 
for Groups 
15.27+¢ 
2.82 
5.70¢ 


RR Patients 
7.5 (4.3) 

29.0 (1.4) 

22.4 (2.7) 


48.3 (11.4) 
6.3 (2.3) 
5.8 (2.6) 


15.31T 
4.22¢ 


34.5 (11.9) 
56.3 (13.8) 


54.6 (4.0) 
57.8 (2.1) 


4.5 (2.0) 
22.2 (24.0) 
19.1 (18.4) 
14.7 (11.0) 
21.0 (6.7) 


5.1 (1.7) 
8.1 (2.3) 
9.6 (2.5) 
10.0 (2.4) 
8.0 (2.9) 





% correct 95.4 (5.7) 92.8 (6.9) 2.46 


*RR indicates relapsing remitting; BDI, Beck Depression Inventory; MMSE, Mini-Mental State Examination; 


BFRT, Benton Facial Recognition Test; SDMT, Symbol Digit Modalities Test; FAS, letter fluency test; BNT, Bos- 


ton Naming Test; WCST, Wisconsin Card Sorting Test; and STM, short-term memory. 


+P < .001. 
+P < .05. 


§Main effect of groups from mixed analysis of variance with delay as repeated measure. 
|Main effect of groups from mixed analysis of variance with trials as repeated measure. 


IP < .01. 


spontaneous naming and might be con- 
sidered mildly dysnomic. 

Significant group differences in 
problem solving as measured by the 
WCST were observed. The patients 
with MS achieved fewer categories 
than control subjects and they also 
made more perseverative responses, 
perseverative errors, and nonperse- 
verative errors. Most subjects in both 
groups required only 10 to 12 trials to 
attain the first category and there 
were no significant differences be- 
tween groups on this measure. Fail- 
ures to maintain set were infrequent 
(mean, 0.5 for control subjects vs 0.7 
for patients) and the groups did not 
differ significantly on this measure. 

Patients with MS recalled slightly 
fewer words than control subjects on 
the Brown- Peterson STM test, but this 
difference was not significant. On 
other measures of performance (ie, 
prior item intrusions, extralist intru- 
sions, percentage of perseverative re- 
sponses) differences between groups 
were small and statistically insignifi- 
cant. 

In contrast to their essentially nor- 
mal performance on the verbal STM 
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task, the patients with MS were im- 
paired on the free recall task, a mea- 
sure of long-term anterograde verbal 
memory. Differences between groups 
were evident on the first learning trial 
and persisted throughout training on 
the task. However, acquisition rates 
for patients and control subjects ap- 
peared to be similar (Groups X Trials, 
F [38,192] = 1.18, ns). Patients also re- 
called fewer words after delay than did 
control subjects, but the magnitude of 
the decline in performance from Trial 
4 to the Delayed Recall trial was sim- 
ilar for both groups (Groups X Delay, 
F <1), suggesting that there were no 
group differences in the rate of forget- 
ting. 

Overall performance on the RMB is 
shown in the Figure. A 2 (Groups) X 4 
(Decades) analysis of variance on the 
data from the recall condition revealed 
significant main effects of Groups 
(F [1,64] = 11.77; P<.001) and De- 
cades (F [3,192] = 8.28; P < .001), but 
the Groups X Decades interaction was 
not significant (F = 1.02). A similar 
analysis of the data from the rec- 
ognition condition demonstrated 
significant main effects of Groups 


(F [1,64] = 4.62; P < .05) and Decades 
(F [3,192] = 45.72; P < .001), but again 
the Groups X Decades interaction was 
not significant (F, <1). 

Poor performance on the famous 
faces portion of the RMB could result 
from deficits in visual perception 
rather than from genuine impairment 
in remote memory. This issue was ex- 
amined in two ways. First, perfor- 
mance on the famous faces and public 
events part of the RMB was analyzed 
separately. Statistically significant 
differences between patient and con- 
trol groups were observed for the re- 
call of famous faces (P < .001) and 
events (P < .02) and for the recogni- 
tion of famous faces (P < .01). Patients 
tended to recognize fewer events than 
control subjects, but this difference 
was not significant (P > .10). 

A second set of analyses was per- 
formed, dropping patients who scored 
below the normal range on the BFRT, 
a test of facial perception that does not 
involve memory. With data from these 
visually impaired patients excluded, a 
significant difference between groups 
was observed on the recall portion of 
the RMB (F'[1,59] = 8.71; P < .01), but 
the difference between patients and 
control subjects on the recognition 
measure of remote memory was no 
longer significant (P > .10). 

The results of both sets of analyses 
point to the same conclusion: impair- 
ments in the ability to perceive faces 
accurately cannot entirely account for 
the patients with MS deficits in recall- 
ing information from the past, but 
their visual impairments may, in part, 
explain their difficulties in recognizing 
famous people from the past. 


Relationship Between 
Neuropsychological and Medical 
Variables 


To evaluate the possibility that de- 
pression was responsible for the cog- 
nitive impairments exhibited by the 
patients with MS, we reanalyzed all of 
the data, excluding subjects with BDI 
scores above 9. Differences between 
patient and control groups remained 
statistically significant for all vari- 
ables on which significant differences 
were observed in the original analyses. 

A similar approach was taken to 
evaluate the possible influence of anti- 
depressants or muscle relaxants on the 
results. When the data were reana- 
lyzed, first excluding patients using 
antidepressant medications and then 
excluding patients using muscle relax- 
ants, all differences reported above re- 
mained significant. 

Table 2 reports correlations between 
disease duration, EDSS, and AI scores 
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Mean Percent Correct 


1950s 





1960s 


Control 


A MS 


1970s 1980s 


Decades 


Mean percent correct on remote memory battery as a function of decades by control subjects and 
patients with multiple sclerosis (MS). Solid lines indicate performance on unaided recall; dashes, 
performance when four alternatives were provided for those items that could not be recalled (see 
text for explanation of recognition score). Data from the famous faces and public events questions 


have been combined. 


and performance on various neuropsy- 
chological variables. The neurological 
variables were highly correlated (dis- 
ease duration and EDSS, r=.54, 
P<.001; disease duration and AI, 
r = .52, P < .001; EDSS and AI, r = .92, 
P < .001). Since 48 correlations be- 
tween neurological and neuropsycho- 
logical variables were computed, the 
level of significance was set at .02. Pa- 
tients who were more disabled on the 
neurological scales (ie, higher scores 
on the EDSS or AI) made fewer correct 
substitutions on the SDMT, generated 
fewer words on both verbal fluency 
tests, named fewer objects on the Bos- 
ton Naming Test, and performed more 
poorly on the BFRT. Weaker correla- 
tions were observed between the AI 
and performance on measures of an- 
terograde verbal memory. Patients 
who had been diagnosed with MS for 
longer periods of time performed more 
poorly on the SDMT and the category 
fluency tests. These patients also 
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tended to perform more poorly on the 
anterograde memory measures. In 
contrast, neither remote memory nor 
WCST performance was related to ei- 
ther of the neurological measures of 
disability or to disease duration. 


Comparison of CP and RR Patients 


Heaton et al'! compared CP and RR 
patients with normal control subjects 
on an extensive battery of cognitive 
and sensorimotor variables and found 
that CP patients performed more 
poorly than RR patients on a number 
of measures. There were significant 
differences among groups on a number 
of demographic and clinical variables 
that were controlled for by analysis of 
covariance (ANCOVA). Adams and 
colleagues“ have questioned the valid- 
ity of using ANCOVA in this way. By 
using simulated data they showed that 
under certain circumstances employ- 
ing ANCOVA to correct for preexist- 
ing differences among groups can lead 


to outcomes that are difficult to inter- 
pret (eg, the direction of differences 
between adjusted group means may be 
the reverse of the differences observed 
in the original data). An alternative 
way of comparing the degree and ex- 
tent of impairment among RR and CP 
patients is to calculate the proportion 
of patients of each diagnostic type who 
exhibit deficits in relationships to 
their age- and education-matched con- 
trol groups. Table 3 presents such a 
comparison, using the fifth percentile 
of control performance to define im- 
pairment. As is readily apparent, a 
greater proportion of our CP patients 
were impaired on all measures consid- 
ered. Other arbitrarily chosen percen- 
tiles to define impairment were exam- 
ined and yielded similar results. 

This method of comparing cognitive 
performance of CP and RR patients 
presents the results in a form that is 
more useful to the clinician than is an 
adjusted mean from an ANCOVA and 
it adequately controls for demographic 
variables such as age and education. 
However, clinical variables, such as 
disease duration, and EDSS or AI 
scores that are correlated with disease 
type cannot be controlled in this way. 


COMMENT 


_ The RR patients tested in this study 
exhibited all of the neuropsychological 
characteristics of subcortical demen- 
tia proposed by Cummings and Ben- 
son.’ First, they exhibited slowed 
rates of information processing as 
evidenced by their poor performance 
on the substitution phase of the SDMT 
and reduced output on the verbal flu- 
ency tests. Second, they showed anter- 
ograde memory deficits that were sig- 
nificant on recall but not on recogni- 
tion measures, which is consistent 
with the hypothesis**’ that the mem- 
ory impairments of patients with sub- 
cortical dementia are primarily the 
result of their inability to initiate and 
maintain effective retrieval strategies. 
Third, the RR patients were impaired 
in problem solving as demonstrated by 
their deficits on the WCST. In agree- 
ment with the results of previous 
studies,'''? the patients’ impairments 
on the WCST were accompanied by 
evidence of difficulty abandoning 
previously correct hypotheses (ie, in- 
creases in perseverative responses and 
perseverative errors), but our patients 
also showed increases in nonpersever- 
ative errors, a pattern not seen in our 
earlier study with CP patients.” 
Fourth, like patients with other sub- 
cortical dementias" and other groups 
of patients with MS tested in earlier 
studies,'!*"* the patients with MS in 
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memory results: to RR patients. It is 
important to note that all of these 
cognitive impairments occurred in the 
absence of global intellectual deterio- 
ration, evidenced by normal perfor- 
mance on the Mini-Mental State Ex- 
amination or severe physical disability 
as measured by the EDSS and AI. Fi- 
nally, the average duration of disease, 
since diagnosis, was less than 5 years, 


Table 2.—Product Moment Correlations Between Neurological and Neuropsychological 
Variables for RR Patients * 






BFRT 
SDMT, No. correct 


Verbal fluency 
FAS, No. correct 


Category, No. correct 










BNT, without cues —.13 —.37| —.424 but the patients’ impairments in re- 

Verbal memory mote memory spanned a much longer 
STM a =e =a period of time. It is therefore unlikely 
Immediate free recall — Set = =-39| that their inability to recall past 
Delayed free recall mati =en wta events or famous people is secondary 
Delayed recognition —.35f 











to their impairments in anterograde 
memory. 

Patients with Alzheimer’s disease, a 
prototype of cortical dementia," ex- 


Remote memory 
Recall 


Recognition 










WCST sah : 
Categories ~18 — 23 — 28 hibit dysnomia on tests of confronta- 
Perseverative responses —.19 .08 .07 tional naming such as the Boston 
Perseverative errors 16 .08 07 Naming Test,” a marked tendency to 
Nonperseverative errors 12 19 18 make perseverative responses (ie, rep- 






etitions and intrusions on verbal flu- 


*RR indicates relapsing remitting; EDSS, Expanded Disability Status Scale; Al, Ambulation Index; MMSE, 
ency and STM tests,***’ and temporally 


Mini-Mental State Examination; BFRT, Benton Facial Recognition Test; SDMT, Symbol Digit Modalities Test; FAS, 
letter fluency test; BNT, Boston Naming Test; STM, short-term memory; and WCST, Wisconsin Card Sorting Test. 


TP < .05. 
#P< .01. 
§P < .001. 
IP < .02. 


Table 3.—Percentage of Chronic Progressive (CP) and Relapsing Remitting (RR) 
Patients Scoring Below the Fifth Percentile for Age- and Education-Matched Control 
Subjects on Neuropsychological Measures * 


CP RR 
Patients 


i 3 
i 4 
. 4 


Patients 


Boston Naming Test, without cuest 
Short-term Memory, No. correctt 


6 17 
3 5 
6 31 
7 19 
2 17 
9 14 
2 21 


Free recall, immediatet 3 
4 


Delayed recognition, % correctt 


Remote memory, faces and eventst 
Total recalled 


Total recognized 


Wisconsin Card Sorting Test§ 
Categories achieved 


Perseverative errors 





graded RA with relative preservation 
of information acquired in the distant 
past.” Patients with the CP form of 
MS who score below the range of nor- 
mal control subjects on the Mini- 
Mental State Examination exhibit 
some of these neuropsychological 
characteristics of cortical dementia.’ 
As a group, the RR patients tested in 
this study exhibited none of these cog- 
nitive “markers” for cortical demen- 
tia, although a few patients were 
mildly dysnomic. Thus, our results ap- 
pear to offer strong support for Rao’s”” 
hypothesis that the neuropsychologi- 
cal profile in MS is typical of subcorti- 
cal dementia, at least when this con- 
clusion is limited to patients with the 
RR form of the disease. 

It should be noted, however, that the 
patterns of impairment and preserva- 
tion of cognitive functions displayed 
by individual patients with MS are of- 
ten idiosyncratic. In a previous study” 
with CP patients we noted that the in- 
tercorrelations among measures of 


* Norms for the Symbol Digit Modalities Test were taken from Lezak.®* Norms for the Benton Facial Recog- 
nition Test were taken from Benton et al.*° Norms for all other measures were calculated from performance of 
age- and education-matched control subjects as reported in previous studies'''*°* or in this study. All norms are 
adjusted for age. 

+Data for CP patients and matched control subjects. ' 

Data for CP patients and matched control subjects.*° 

§Data for CP patients and matched control subjects. "° 


performance on tests of verbal fluency, 
card sorting, and recognition memory 
were generally modest. A similar pat- 
tern was evident in the data from this 
study for these measures, although the 


this study attained higher scores on 
the BDI than the control subjects. The 
average level of depression as indexed 
by the BDI was modest, consistent 
with previous findings.'* Moreover, de- 
pression could not account for any of 
the cognitive deficits observed in these 
RR patients. This observation repli- 
cates our findings with CP patients.’ 
Although not specifically mentioned 
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as a characteristic of subcortical de- 
mentia by Cummings and Benson," 
patients with Huntington’s disease or 
Parkinson’s disease exhibit impair- 
ments on tests of remote memory that 
affect information acquired in the dis- 
tant and recent past equally severe- 
ly.°3 Chronic progressive patients 
show similar patterns of RA.' These 
findings extend our earlier remote 


correlations were somewhat higher 
(mean, 7 = .39). These results suggest 
that attempts to define a unitary neu- 
ropsychological profile in MS (eg, sub- 
cortical dementia) based on average 
performances by large groups of pa- 
tients may be misleading. 

Our findings, together with our ear- 
lier results,' suggest a way of account- 
ing for the conflicting reports****** con- 
cerning the occurrence of dysnomia in 
MS. Although some RR patients ex- 
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hibit naming deficits, the prevalence of 
dysnomia is much higher among CP 
patients. Therefore, the inconsistent 
findings in previous studies may have 
arisen because different proportions of 
RR and CP patients were included in 
the samples and results were not pre- 
sented separately by disease course 
(type). To avoid unnecessary confusion 
in the future, researchers studying 
cognitive performance in MS should 
employ appropriate operational defi- 
nitions of disease course, analyze their 
data by disease course, and report 
whether or not differences between 
courses were observed. 

Grant and colleagues’ were the first 
to report impairments by patients 
with MS on the Brown-Peterson STM 
task. We replicated this result in an 
earlier study with CP patients,' but in 
this study the slightly poorer perform- 
ance by the RR patients was not sig- 
nificantly different from that of con- 
trol subjects. Only 1 of 43 patients in 
Grant and coworkers” study had a 
progressive form of MS, so differences 
in diagnostic type probably cannot 
reconcile the results of this study with 
the findings of Grant and coworkers. 

Twenty-nine of the patients in 
Grant and coworkers’ study were 
tested while they were hospitalized 
and receiving corticotropin or steroid 
treatment for an exacerbation. Fur- 
ther, active disease state (acute-quies- 
cent status)’ was associated with 
poorer performance on the STM task 
in their study. We did not test any pa- 
tients for at least 1 month after the 
termination of corticotropin or steroid 
treatment for an exacerbation, and it 
is likely that this procedural differ- 
ence is an important reason for the 
discrepancy between our results and 
those of Grant et al.‘ In support of this 
conclusion are recent findings of Lit- 
van and colleagues* who reported that 
mildly and moderately disabled pa- 
tients with MS performed normally on 
a version of the Brown-Peterson task. 
None of their patients were in a clini- 
cally active phase of their disease dur- 
ing testing. Whether or not differences 
in the proportion of patients with ac- 
tive disease at the time of testing 
entirely accounts for the differing re- 
sults among the three studies cannot 
be determined since Grant et al’ did 
not compare the performance of their 
patients who were not hospitalized 
(and presumably not experiencing an 
exacerbation) with that of their nor- 
mal control subjects. 

When the proportions of RR and CP 
patients exhibiting impaired cognitive 
performance relative to appropriate 
matched control subjects were com- 
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pared, we found that the prevalence of 
impairment was lower for the RR pa- 
tients on all of the neuropsychological 
measures for which we have compara- 
ble data. Our findings are in excellent 
agreement with those of Heaton et al!! 
who used a different battery of neu- 
ropsychological tests. 

In two recent articles? the extent 
of cognitive impairment in patients 
with MS was found to be positively 
correlated with the size of their cere- 
bral lesions as estimated from mag- 
netic resonance imaging scans. Since 
the average area of lesions is greater in 
CP patients than in patients whose 
disease course is more benign,* differ- 
ences in cerebral lesion load between 
CP and RR patients may explain the 
more severe impairments of CP pa- 
tients on neuropsychological tests. 
However, other variables must also be 
considered. 

The RR patients tested in this study 
differed from the CP patients studied 
earlier' in terms of age (mean, 38.1 vs 
48.7 years for RR and CP groups, 
respectively), disease duration since 
diagnosis (mean, 4.3 vs 18.2 years), and 
severity of disability as assessed by the 
EDSS (mean, 2.1 vs 6.7) and AI (mean, 
1.8 vs 6.4), but they did not differ sig- 
nificantly in education (mean, 14.4 vs 
13.9 years). While it is clear that dif- 
ferences in age and education cannot 
explain the more severe cognitive def- 
icits of the CP patients, their greater 
disability and longer duration of dis- 
ease (rather than disease course) are 
viable explanations for their more se- 
rious disturbances in memory, nam- 
ing, problem solving, and ability to 
process information rapidly. 

Heaton et al” argued that the dif- 
ferences in severity of cognitive im- 
pairment of their CP and RR patient 
groups could not be attributed to other 
variables that were confounded with 
diagnostic course. As in this study, pa- 
tients in their CP group were on aver- 
age older, more severely disabled phys- 
ically, and had suffered from MS 
longer than the patients in their RR 
group. Because significant group dif- 
ferences on cognitive measures were 
observed when differences in age and 
disease duration were controlled for by 
ANCOVA, they concluded that neither 
of these variables could account for the 
differential cognitive impairments of 
the two patient groups. For reasons 
described earlier, the validity of using 
ANCOVA to control for preexisting 
differences between groups in age and 
disease duration is highly ques- 
tionable* and therefore their conclu- 
sions are suspect. 

Heaton et al" found that neurologi- 


cal disability ratings were only weakly 
correlated with degree of impairment 
on cognitive tasks, suggesting to them 
that differences in disability could not 
account for cognitive differences be- 
tween CP and RR patient groups. This 
conclusion may also be unwarranted 
because their measure of cognitive im- 
pairment was a single composite score. 
The results of the correlational analy- 
ses on the data from our study suggest 
that disability status may predict per- 
formance on some cognitive tasks but 
not on others. Similar results have 
been reported by others.**' If this 
finding is replicated, then the use of a 
global index of cognitive function in 
correlational studies of this sort may 
lead to erroneous conclusions. 

Heaton et al!’ concluded that “dis- 
ease course is an important indepen- 
dent determinant of neuropsychologi- 
cal impairment in MS.” We consider 
this idea to be a hypothesis that has 
not yet been adequately tested. Before 
Heaton and coworkers’ conclusion can 
be accepted, the influences on cogni- 
tion of disease course and the variables 
that are confounded with it (eg, dis- 
ability status, disease duration) must 
somehow be disentangled. The need for 
this sort of analysis is especially great 
because Goodkin and colleagues‘ have 
recently shown that the proportion of 
patients with MS who adhere to a par- 
ticular disease type over time is sur- 
prisingly low. 

At the same time it must be con- 
ceded that the evidence that disease 
duration and neurological ratings of 
disability can account for a meaning- 
ful amount of the considerable varia- 
tion in cognitive performance by indi- 
vidual patients with MS is decidedly 
mixed.” Both disease duration and 
EDSS scores have been found to pre- 
dict performance on cognitive tests in 
some studies’ but not in others.>**! 
Our own research has revealed similar 
inconsistencies. In this study both dis- 
ease duration and disability were sig- 
nificantly correlated with perform- 
ance on some but not on all cognitive 
measures, but in our earlier study! 
with CP patients neither disease du- 
ration nor disability status was asso- 
ciated with performance on neuropsy- 
chological tests. 

Four factors might account for these 
inconsistencies: (1) the use of insuffi- 
ciently large samples, (2) attenuation 
of correlations due to restricted range 
effects, (3) the unfortunate selection of 
cognitive variables that happen to be 
unrelated to disease duration or dis- 
ability, and (4) the potential inaccu- 
racy of the diagnostic type of the 
patients studied because of the ten- 
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dency of disease type to change over 
time.‘ Only by testing a large sample 
of patients of different diagnostic 
types, who vary across the full range of 
disability and duration of disease, on a 
battery of tests that tap a broad range 
of neuropsychological functions can 
the contributions of diagnostic type, 
disability status, and disease duration 
to the cognitive impairments of pa- 
tients with MS be understood. 


We thank Leslie Meek for assistance in testing 
the subjects and Stephen M. Rao, PhD, for help- 
ful comments on an earlier version of the manu- 
script. 
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The Fatigue Severity Scale 


Application to Patients With Multiple Sclerosis 
and Systemic Lupus Erythematosus 


Lauren B. Krupp, MD; Nicholas G. LaRocca, PhD; Joanne Muir-Nash, RN; Alfred D. Steinberg, MD 


e Fatigue is a prominent disabling 
symptom in a variety of medical and neu- 
rologic disorders. To facilitate research in 
this area, we developed a fatigue severity 
scale, subjected it to tests of internal con- 
sistency and validity, and used it to com- 
pare fatigue in two chronic conditions: 
systemic lupus erythematosus and multi- 
ple sclerosis. Administration of the fatigue 
severity scale to 25 patients with multiple 
sclerosis, 29 patients with systemic lupus 
erythematosus, and 20 healthy adults re- 
vealed that the fatigue severity scale was 
internally consistent, correlated well with 
visual analogue measures, clearly differ- 
entiated controls from patients, and could 
detect clinically predicted changes in fa- 
tigue over time. Fatigue had a greater de- 
leterious impact on daily living in patients 
with multiple sclerosis and systemic lupus 
erythematosus compared with controls. 
The results further showed that fatigue 
was largely independent of self-reported 
depressive symptoms and that several 
characteristics could differentiate fatigue 
that accompanies multiple sclerosis from 
fatigue that accompanies systemic lupus 
erythematosus. This study demonstrates 
(1) the clinical and research applications 
of a scale that measures fatigue severity 
and (2) helps to identify features that dis- 
tinguish fatigue between two chronic med- 
ical disorders. 

(Arch Neurol. 1989;46:1121-1123) 
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Pratigue, long recognized as a major 

symptom in neurology and in med- 
icine, has been notoriously difficult to 
define or study as a distinct entity. Al- 
though it is nonspecific and highly 
subjective, fatigue is a prominent com- 
plaint in many disorders. In both mul- 
tiple sclerosis (MS) and systemic lupus 
erythematosus (SLE), for example, it 
may be the presenting symptom or a 
chronic and disabling problem.'’ Re- 
cently, a chronic fatigue syndrome has 
been described in which fatigue is the 
overwhelming feature.‘ Whereas in- 
terest in the role of fatigue in cognitive 
dysfunction and in distinguishing it 
from somatization disorders or affec- 
tive disorders has grown,‘ our under- 
standing has been hampered by the 
lack of suitable techniques for its mea- 
surement. To facilitate research and 
patient treatment, we have developed 
a fatigue severity scale (FSS) that as- 
sesses disabling fatigue across two 
different clinical disorders. Use of this 
scale has helped elucidate the relation- 
ship between fatigue and depressive 
symptoms and has identified features 
of fatigue that might be characteristic 
of specific diseases. 


PATIENTS, MATERIALS, AND METHODS 


The samples consisted of 25 patients with 
chronic progressive MS with Expanded Dis- 
ability Status Scale scores ranging from 3.0 
to 6.5, 29 patients with SLE, and 20 normal 
healthy adults (NHAs). Patients chosen for 
this study were outpatients of the National 
Institute of Arthritis and Musculoskeletal 
and Skin Diseases of the National Insti- 
tutes of Health, Bethesda, Md, or the Re- 
search and Training Center for Multiple 
Sclerosis at the Albert Einstein College of 
Medicine, Bronx, NY. Criteria for entry into 
the study included a diagnosis of definite 
MS as defined by the Schumacher et al’ cri- 
teria or SLE as defined by the American 
Rheumatology Association.’ Patients hav- 
ing other chronic medical conditions in ad- 
dition to MS or SLE were excluded. Healthy 
controls were selected from volunteers un- 
familiar with this study. 


Subjects were chosen consecutively from 
clinic outpatients, were interviewed by one 
of us (L.B.K. or J.M.N.), and were adminis- 
tered a 28-item fatigue questionnaire. Sub- 
jects were asked to read each statement of 
the questionnaire and choose the number 
from 1 to 7 that best described their degree 
of agreement with each statement: 1 indi- 
cates strongly disagree and 7 indicates 
strongly agree. Using factor analysis, item 
analysis, and theoretical considerations, 9 
items from the fatigue questionnaire were 
selected that identified features of fatigue 
common to the MS and SLE patient groups. 
This 9-item scale was then employed as the 
FSS. It had a high degree of internal con- 
sistency as measured by Cronbach’s alpha, 
an estimate of the reliability of a scale 
based on intercorrelation of the individual 
items of a multi-item scale. Scores obtained 
by healthy controls on the FSS were com- 
pared with scores from the patient groups. 

In addition to the FSS, fatigue was as- 
sessed with a 100-mm visual analogue scale 
(VAS). Patients were asked to indicate on a 
line the point that best described their fa- 
tigue, and then this distance was scored 
from 0 to 1.0. Depressive symptoms were 
assessed with the Center for Epidemiologic 
Studies Depression (CES-D) Scale. This is a 
self-report, 20-item screening question- 
naire in which the score ranges from 0 to 60. 
A score of 16 or greater is indicative of 
clinical depression. 

To assess the ability of the FSS to detect 
clinical changes in fatigue over time, the 
FSS was administered to a second nonran- 
dom sample of patients in whom changes in 
fatigue were clinically predicted. Two pa- 
tients with MS were given the FSS before 
and after drug therapy for fatigue. Six pa- 
tients with clinical histories consistent wih 
the diagnosis of Lyme disease and with im- 
munologic evidence of reactivity to Borrelia 
burgdorferi were administered the FSS þe- 
fore and after a 3-week course of antibiotic 
therapy. 


RESULTS 
Patient Characteristics 


All subjects were interviewed in per- 
son regarding their fatigue. Patient 
and control characteristics are shown 
in Table 1. Scores above the CES-D 
cutoff for depression were more com- 


Fatigue Severity Scale—Krupp et al 1121 





Table 1.—Characteristics of Study Samples* 


SLE, 
Mean + SD ae SD 
Age, y 35.6 + 8.9 44.8 + 10 
CES-D 16.0 + 10.9 14.4 = 11 
VAS 0.58 + 0.31 0.58 + 0.20 











NHAs, 
Mean + SD F P 
39.7+9 6.48 <.01t 
6.75 = 72 5.46 <.014¢ 
0.16 + 0.18 16.38 <.001§ 






* SLE indicates systemic lupus erythematosus; MS, multiple sclerosis; NHAs, normal healthy adults; CES- D, 


Center for Epidemiologic Studies Depression Scale scored from O to 60 where 16 or greater correlates with de- 
pression; and VAS, visual analogue scale of fatigue scored O to 1.0. 
tAnalysis of variance for SLE, MS, and NHA: the following contrasts were significant: SLE vs MS. 
Analysis of variance for SLE, MS, and NHA: the following contrasts were significant: SLE, vs NHA and MS 


vs NHA. 


§Analysis of variance for SLE, MS, and NHA: the following contrasts were significant: SLE vs NHA and MS 


vs NHA. 






. My motivation is lower when | am fatigued. 
. Exercise brings on my fatigue. 
. Lam easily fatigued. 


. Fatigue causes frequent problems for me. 


Ol N/D/A\|f/@|rm|— 
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Table 2.—Fatigue Severity Scale (FSS) * 


. Fatigue interferes with my physical functioning. 


. My fatigue prevents sustained physical functioning. 
. Fatigue interferes with carrying out certain duties and responsibilities. 
. Fatigue is among my three most disabling symptoms. 

. Fatigue interferes with my work, family, or social life. 






* Patients are instructed to choose a number from 1 to 7 that indicates their degree of agreement with each 
statement where 1 indicates strongly disagree and 7, strongly agree. 


Table 3.—Comparison of Fatigue 
Severity Scale (FSS) Across 
Samples* 


FSS, 
mean+SD 


Cronbach's 
alpha i j .88 


Correlation 
with VAS 


* SLE indicates systemic lupus erythematosus: 
MS, multiple sclerosis; NHA, normal healthy adults; 
and VAS, visual analogue scale. 

tP < .001. 

+P < .05. 


4.7415 48+1.3 2.3+0.7 


mon among the patients with MS and 
SLE than the NHA controls. Forty- 
eight percent (12/25) of the patients 
with MS, 39% (11/28) of the patients 
with SLE, but only 15% (3/20) of 
healthy controls had CES-D scores of 
16 or greater corresponding to clinical 
depression. As shown in Table 1, the 
mean CES-D score for patients with 
MS was 14.1 and for patients with SLE 
it was 16.0 vs 6.75 for the NHA con- 
trols. 

On the VAS for fatigue, patients 
with SLE and MS had identical mean 
values of 0.58. These scores were sub- 
stantially higher than the VAS for the 
NHA controls, 0.16. After correcting 
for age and depression scores, the dif- 
ference between the VAS of controls 
and patients was still significant. 
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FSS in MS, SLE, and NHAs 


The 9 items selected from the 28- 
item fatigue questionnaire to form the 
FSS are shown in Table 2. These items 
were selected on the basis of their 
ability to identify common features of 
fatigue in both MS and SLE. The 
fatigue scores for patient and control 
groups along with their respective 
Cronbach’s alphas are shown in Table 
3. The mean FSS for patients with MS 
was 4.8 and was not significantly dif- 
ferent from the mean FSS for patients 
with SLE of 4.7. In contrast, even when 
adjusted for differences in age and de- 
pression, patient scores were signifi- 
cantly higher than the scores for nor- 
mal subjects (P < .001). 

Discriminant function analysis was 
used to evaluate the ability of the nine 
items to distinguish patients from con- 
trols. Separate discriminant functions 
were calculated for subjects with MS 
and SLE and NHAs. These discrimi- 
nant functions correctly classified 98% 
(MS vs NHA) and 90% (SLE vs NHA) 
of the subjects, respectively. Five per- 
cent (1/20) of the controls had a score 
of 4 or higher in comparison with 60% 
of patients with SLE and 91% of pa- 
tients with MS. Thus, the nine-item 
scale clearly distinguished patients 
from controls. To further validate the 
FSS, a correlation was sought between 
FSS scores and VAS scores. For the 
entire sample, there was a highly sig- 
















Table 4.—Sensitivity of Fatigue 
Severity Scores (FSS) to Clinical 
Changes and Measures of Its 
Consistency Over Time 













Time 1, 
Mean 
+$D 


Time 2, Weeks, 
Mean Mean 
+SD +SD 











Experi- 
ment 


te 













(n=8) 5.7+0.8 3.6+1.2¢t 16.94+9.3 






2+ 





(n=11) 65.1413 6.241.1§ 10.04+11.3 


* In the first experiment, eight subjects (six patients 
with Lyme disease and two patients with multiple 
sclerosis [MS]) were given the FSS at two time points 
separated by a mean of 16.9 weeks. All subjects re- 
ceived medication intended to reduce their fatigue. 

tt(7) = 2.16; P < .01, Student's two-tailed paired 
t test. 

¢In the second experiment, 11 subjects (five pa- 
tients with systemic lupus erythematosus and six pa- 
tients with MS) were studied for fatigue in situations 
in which no change in fatigue was Clinically antici- 
pated and medication for fatigue was not adminis- 
tered. 

§Paired ¢ test differences were not significant. t 
(10) = .08; correlation coefficient was r= .84, 
P< 01. 





nificant correlation of FSS with VAS 
scores (r = .68; P < .001). 


Sensitivity, Reliability, and Internal 
Consistency of the FSS 


To assess the potential utility of the 
FSS for clinical research and patient 
treatment, the ability of the scale to 
detect clinically appropriate and pre- 
dicted changes in fatigue was exam- 
ined. The FSS was administered to six 
patients with Lyme disease before and 
after antibiotic therapy (Table 4). Two 
patients with MS were treated with 
pemoline, a central nervous system 
stimulant (Table 4). In all patients, 
clinical improvement in fatigue was 
associated with reductions in FSS. The 
magnitude of change on the FSS varied 
for individual patients, however, rang- 
ing from 3.5 to 0.5 points. 

The individual Cronbach’s alphas 
for the subpopulations of subjects 
(shown in Table 3) were .89 for SLE, .81 
for MS, and .88 for NHAs. The FSS had 
a high internal consistency as demon- 
strated by a Cronbach’s alpha of .88 for 
the entire sample. Test-retest reliabil- 
ity of the scale over time was examined 
in five patients with SLE and six pa- 
tients with MS in whom there was no 
clinical reason to expect changes in 
their fatigue state. The patients were 
tested at two time points separated by 
5 to 33 weeks. No significant changes in 
FSS scores were noted (Table 4). 


Relationship Between FSS and 
Depression 


Having established the scale’s inter- 
nal consistency and reliability, we used 
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Table 5.—Percentages of Patients With SLE and MS With Positive Responses to Items 
on Fatigue Questionnare* 


itemst SLE MS x? P 
Heat exacerbates fatigue 37.9ł 92.0 14.6 .0001 


Cool temperatures improve 


fatigue 37.9 

Fatigue predates other disease 
symptoms 

Fatigue is the most disabling 
disease symptom 

Fatigue makes other disease 
symptoms worse 


64.3 


84.0 .0016 
.0002 


.0389 





.0117 


* SLE indicates systemic lupus erythematosus; MS, multiple sclerosis. 
titems were selected from the 28-item fatigue questionnaire administered to all subjects (see text). 
Percentages of patients responding with a ‘‘5,"’ ‘'6,”’ or ‘‘7’’ on questionnaire where 1 indicates strongly dis- 


agree and 7, strongly agree. 


the FSS to analyze the relationship 
between fatigue and depression. The 
CES-D was used as a measure of de- 
pressive symptomatology. The corre- 
lations between FSS and CES-D were 
weak. Among patients with MS, the 
correlation coefficient was .26 and 
among controls it was .20; neither 
reached statistical significance. 
Among the patients with SLE, how- 
ever, there was a statistically signifi- 
cant correlation between fatigue and 
depression (r = .46; P < .05). 


Characteristics of Fatigue Distinguishing 
MS From SLE 


Analysis of the responses on the 28- 
item questionnaire provided addi- 
tional information on qualities of fa- 
tigue that distinguished patients with 
MS from patients with SLE. Five items 
that distinguished MS from SLE are 
shown in Table 5. None of the five items 
were part of the nine-item FSS. Cer- 
tain fatigue characteristics were 
present more often in patients with 
MS than in patients with SLE. Among 
patients with MS, fatigue was exacer- 
bated by heat, improved by cool tem- 
peratures, and made other disease 
symptoms worse. In contrast, fatigue 
was more likely to predate other symp- 
toms of SLE and was more frequently 
reported as the most disabling prob- 
lem in patients with SLE. 


COMMENT 


Among patients with MS and SLE, 
fatigue is a common and frequently 
disabling symptom. On a nine-item fa- 
tigue scale, patients with MS and SLE 
had similar degrees of fatigue severity 
with scores that were significantly 
higher than the scores for healthy 
controls. The FSS could distinguish 
MS or SLE from the NHA controls 
with a high degree of accuracy. Hence, 
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the scale was successful in identifying 
features of fatigue that are specific to 
the medically ill. 

Previous studies of fatigue in medi- 
cally ill populations have relied on 
self-report visual analogue measures 
in which subjects choose a number 
from 1 to 5 that reflects their degree of 
fatigue.” Although a useful approxi- 
mation of a quantitative approach, 
this method fails to assess the impact 
of fatigue on daily functioning and is 
vulnerable to impulsive answers. In 
contrast, the nine items of the FSS re- 
quire somewhat more reflection. More- 
over, a scale consisting of multiple 
items is inherently more reliable than 
a single indicator. The reliability of the 
FSS was suggested by its high Cron- 
bach’s alpha and stability of scores 
over time. The FSS clearly distin- 
guished patients from controls. Fur- 
thermore the scale proved to be a sen- 
sitive method for detecting clinically 
predicted improvements in fatigue in 
all of the eight subjects tested. 

Analyzing fatigue in these patients 
revealed that fatigue severity was 
largely independent of depressive 
symptoms common among patients 
with MS and SLE. High CES-D scores 
were common among patients with MS 
and SLE. Nevertheless, the severity of 
fatigue did not have a statistically sig- 
nificant correlation with CES-D scores 
in patients with MS or in NHAs. In the 
patients with SLE, there was a positive 
relationship between fatigue and de- 
pression. These data suggest that fa- 
tigue and depression are separate, al- 
though overlapping, entities in both 
chronic illnesses as well as in healthy 
adults. They do not support the notion 
that fatigue can be largely explained 
as simply a manifestation of depres- 
sion. The results also suggest that 
there are qualitative features of fa- 
tigue that distinguish MS from SLE. 
As has been reported previously’? heat 


made fatigue accompanying MS worse 
while cool temperatures helped. This 
was not as true for patients with SLE. 
Fatigue that accompanies multiple 
sclerosis also made other MS symp- 
toms worse while patients with SLE 
did not report such an effect. However, 
patients with SLE were more likely to 
experience fatigue as their first symp- 
tom of disease and more frequently 
stated that fatigue was one of their 
most disabling symptoms. 

In summary, an FSS has been tested 
in samples of patients with MS and 
SLE and in NHA controls. The FSS 
should prove useful in the evaluation 
of fatigue in both clinical research 
studies and surveys. Its brevity and 
simple self-report format make it a 
cost-effective alternative to more elab- 
orate methods. Asa brief self-report of 
fatigue severity, the FSS has ac- 
ceptable internal consistency, stability 
over time, and sensitivity to clinical 
changes. While the FSS consists of 
characteristics common to the two 
conditions tested (MS and SLE), it is 
also accurate in distinguishing pa- 
tients with either of these conditions 
from normal controls. 
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Neuropathologic Correlates of Leuko-araiosis 


Ivan Janota, MB, FRCPath; Thomas R. Mirsen, MD; Vladimir C. Hachinski, MD; Donald H. Lee, MD; Harold Merskey, DM 


è We describe the pathologic findings 
in 17 persons with dementia, 12 of whom 
exhibited leuko-araiosis on computed to- 
mographic scan. The presence of white 
matter pallor was confirmed on autopsy in 
11 of these 12 cases, 9 with Alzheimer’s 
disease and 2 with multi-infarct dementia. 
Two further patients, 1 with Alzheimer’s 
disease and 1 with multi-infarct dementia, 
proved to have white matter changes on 
pathologic examination. White matter pal- 
lor coexisted with cerebral amyloid angi- 
opathy in the brains of the patients with 
Alzheimer’s disease. The presence of se- 
vere white matter pallor in patients with 
Alzheimer’s disease correlated with early 
death, while the presence of cortical scars 
was associated with prolonged survival. 
Because early death in patients with Alzhe- 
imer’s disease has been linked with severe 
pathologic and chemical changes, the 
presence of white matter pallor may be 
further evidence of a particularly severe 
process in patients with early onset of 
Alzheimer’s disease. 

(Arch Neurol. 1989;46:1124-1128) 


W rite matter changes, or leuko- 

araiosis (L-A), are seen com- 
monly on computed tomographic (CT) 
scans** and magnetic resonance imag- 
ing (MRI) of old persons. Some 
reports™?! indicate that L-A, as seen 
on CT scans, is associated with focal 
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neurologic findings and mental im- 
pairment. The underlying pathology 
has been reported as loss of myelin and 
axons,**'*'* and also as predominantly 
loss of myelin.» Many inves- 
tigators*'*!??23 consider the changes to 
result from impaired blood flow asso- 
ciated with arteriolosclerosis. The le- 
sions have been termed “incomplete 
infarctions” by some. The lowering of 
blood pressure may play a critical role 
in the production of L-A in patients 
with established hypertension.'*!9! 
Other possible causes include cerebral 
edema,” hypoxia,’ and hypoglyce- 
mia.” Other, generally less striking 
changes detected by MRI reflect vari- 
ous entities: infarctions, vascular mal- 
formations, ventricular diverticula, 
and état criblé.” Etat criblé refers to 
a combination of arteriosclerosis, vas- 
cular ectasia, and dilated perivascular 
spaces. It may be associated with glio- 
sis or demyelination of the surround- 
ing brain.” The clinical importance 
of état criblé remains unsettled. 

Cerebral amyloid angiopathy 
(CAA), like L-A, frequently accom- 
panies Alzheimer’s disease (AD). 
Although CAA is believed to cause 
white matter pallor,* the relation- 
ship between the severity of CAA and 
white matter pallor on neuropatho- 
logic examination has not been studied 
systematically. 

One group of investigators'® has as- 
sessed the diagnostic accuracy of CT 
for L-A, in what they termed “subcor- 
tical arteriosclerotic encephalopathy.” 
They observed white matter changes 
associated with what they termed “ar- 
teriolosclerosis” in the brains of 18 of 
20 autopsied patients who exhibited 
L-A on CT seans. In the 2 other in- 
stances, the autopsy revealed neo- 
plasms that had been missed by the CT 


scans and that accounted for the white 
matter lesions. The CT scans did not 
identify all white matter abnormali- 
ties. Seven of 10 subjects with normal- 
appearing CT scans displayed white 
matter changes on neuropathologic ex- 
amination. 

Comparison of the results of neuro- 
pathologic and of CT studies of white 
matter further highlights the diagnos- 
tic limitations of scanning. As shown 
by CT, L-A has been reported to appear 
in 19% to 35% of subjects with AD,??2! 
in 11% of 16% of controls," and in 
72% to 100% of cases of multi-infarct 
dementia (MID)! Similar changes 
are observed at autopsy in 7% of nor- 
mal aged subjects, in 63% of individu- 
als with AD, and in 100% of patients 
with MID.'’® The CT scan does not 
always reveal L-A in patients with AD 
who clearly have white matter changes 
on neuropathologic examination. Such 
discordance needs resolution, as CT is 
used so widely to detect L-A. 

This study assesses the diagnostic 
accuracy of CT examination for L-A, 
the relationship between CAA and L- 
A, and the effect of CAA, of L-A, and 
of cortical lesions on the course of AD. 


METHODS 


The Dementia Study of the University of 
Western Ontario, London, Ontario, involves 
prospective clinical and radiologic study of 
normal volunteers and of patients referred 
from the community for the investigation 
of dementia. The study has been described 
elsewhere.” Hypertension and myocardial 
infarction are diagnosed historically, al- 
though two elevated blood pressure mea- 
surements or an abnormal electrocardio- 
gram, respectively, may suffice. The esti- 
mated age of onset of dementia is provided 
by interview with the family. The diagnosis 
of pure AD without vascular disease re- 
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* CT indicates computed tomography; AD, Alzheim 


Age at Duration of Time Between White 
Onset of Age at Dementing CT and Autopsy, Hyper- Myocardial Pathologic Matter Cortical 
Case/Sex Dementia, y Death, y iliness, y mo tension Infarction Diagnosis Amyloid Pallor Lesions 
1/F 75 80 5 8 = i AD + + + 
4/F 72 79 7 2 + + AD + + — 
5/M 67 84 17 1 + — AD + + + 
6/F 79 88 9 17 — -= AD + + if, 
7/F 78 83 5 16 - i AD + + - 
8/F 62 70 8 54 + - AD + + + 
9/F 66 72 6 30 5 - AD + e = 
10/M 66 74 8 26 - - AD + ++ $ 
11/M 69 76 7 27 = = MID = ++ +t 
12/F 81 91 10 34 + _ MID = +++ +t 
Patients Without Leuko-araiosis on CT Scan 
13/M 73 79 6 18 + = AD i = “< 
16/M 71 75 4 12 = - AD + a — 
Mean + SD 70.4 + 6.6 78.6 + 6.4 8.2 + 3.2 21.1 + 17.4 rr ne Pace we ia siaii 


er's disease; MID, multi-infarct dementia; PD, Parkinson’s disease; plus/minus, presence of slight abnormality; 1+ 


through 3+, increasingly severe abnormality; and minus, absence of abnormality. 


+Cortical infarctions only were present in these patients. The abnormalit 


quires that the ischemic score” not exceed 
4, while the MID, it may not be less than 7. 
The clinical diagnosis of AD in the study 
has a sensitivity of 87% and a specificity of 
78%, as confirmed by pathologic exam- 
ination.* This matches the results from 
comparable investigations.” 

This report rests on a cohort of 140 
patients and 110 controls. Of these, 30, all 
demented, had died and undergone neuro- 
pathologic examination when this project 
began. On removal of the brain, the left 
hemisphere was frozen for neurochemical 
analysis, and the right hemisphere rou- 
tinely fixed and sectioned. The brains of 17 
patients who had undergone technically 
adequate CT scanning and standardized 
neurologic evaluation were selected for fur- 
ther study. Two large coronal blocks, ap- 
proximately corresponding to the areas 
displaying white matter change on axial CT 
scans, were taken from anterior and poste- 
rior parts of the right cerebral hemisphere 
and embedded in paraffin wax. They under- 
went staining with hematoxylin-eosin, with 
Congo red and hematoxylin (for amyloid), 
and with either Luxol fast blue and Nissl or 
solochrome cyanin and cresyl violet (for 
myelin), as well as impregnation with silver 
by the Glees-Bielschowsky method (for de- 
generating axons). Whenever possible, all 
the sections to be treated with a particular 
stain were handled together to minimize 
variability. Slices obtained from each brain 
were assessed for the presence of cortical 
lesions and the extent of amyloid angiopa- 
thy was rated. The leptomeninges, cortex, 
and white matter were scrutinized for the 
presence of amyloid in the vessels (CAA) 
and for associated changes.*! The severity of 
arteriosclerosis was not rated specifically. 
One of us, a neuroradiologist (D.H.L.), who 
was unaware of the patients’ diagnoses, re- 
viewed the premortem CT scans. 
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The influence of a number of clinical 
findings on the presence of white matter 
pallor, of CAA, and of cortical scars was 
examined in patients with AD. The rela- 
tionship of sex, of history of hypertension, 
and of history of myocardial infarction to 
the pathologic changes was examined using 
the x? statistic, except when the number in 
any sample category under consideration 
was less than five. Fisher’s Exact Test was 
then used instead. The effects of the pres- 
ence of pathologic changes on age of death, 
age of onset of dementia, and duration of 
dementia were analyzed using Student’s t 
test. The concordance between the presence 
of CAA and the presence of cortical scars 
and of white matter pallor in subjects with 
AD was judged using a nonparametric sta- 
tistic, Kendall’s 7 B coefficient. 


RESULTS 


The findings, including neuropatho- 
logic anomalies, are outlined in Table 
1. Five of the 14 patients with AD suf- 
fered from hypertension, as did 1 of the 
3 patients with MID. Only 1 subject, a 
patient with AD, had sustained myo- 
cardial infarction. 

Twelve patients displayed L-A on CT 
scans, of whom 10 suffered from AD 
and 2 from MID. In 1 of the latter (case 
12), white matter changes predomi- 
nated over cortical lesions. The 5 re- 
maining patients had no L-A in their 
scans. They included 3 subjects with 
AD, 1 with both Parkinson’s disease 
and AD on autopsy, and 1 with MID. 

The brains of 11 of the 12 patients 
with L-A on CT scans exhibited pale 
white matter, best revealed by myelin 
staining (Fig 1). The last (case 1) 


ies seen in patients with AD consisted of infarctions and hemorrhages. 


showed slight pallor. Axonal loss (Fig 
2) paralleled myelin loss. Figure 3 
(myelin stain) displays normal white 
matter. Two (cases 16 and 17) of the 5 
subjects without L-A proved to have 
definite white matter changes on neu- 
ropathologic examination, and 1 (case 
15) had mild changes. All 3 patients 
with MID had white matter involve- 
ment. Of the 14 patients with AD, 2 
(cases 13 and 14) had normal white 
matter, while 2 (cases 1 and 15) dis- 
played slight (+) pallor, and 10 had 
definite (+ or ++) pallor. In no in- 
stance did autopsy reveal previously 
unsuspected causes of L-A, such as tu- 
mor or contusion. 

The brains of the patients with MID 
showed either slight or no amyloid. 
Twelve of the 14 brains from patients 
with AD contained amyloid, though 
only minimal amounts were evident in 
4 (cases 1, 7, 8, and 10); the other 2 
(cases 13 and 15) showed none. White 
matter change coexisted with amyloid 
in AD, but there was no strong rela- 
tionship between the extent and sever- 
ity of the two (Table 2). 

Seven of the 14 patients with AD had 
small cortical hemorrhages and scars 
of various ages, as described in CAA” 
and cortical astrocytosis. The extent of 
cortical lesions bore no clear relation- 
ship to the extent of CAA (Table 3). 
The patients with MID exhibited large 
cortical lesions at autopsy. 

Of the various factors examined (see 
“Methods” section), none was linked 
with the presence of CAA among the 
patients with AD. However, the four 
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Fig 1.—Pale white matter, myelin staining 
(Luxol fast blue and Nissl stains, original mag- 
nification approximately 2.5). 





Fig 2.—Pale white matter, axonal staining 
(Glees-Bielschowsky method, original magnifi- 
cation approximately 2.5). 


Fig 3.—Normal white matter, myelin staining 
(Luxol fast blue and Nissl stains, original mag- 
nification approximately X2.5). 
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Table 2.—Presence of Amyloid and White Matter Pallor in Patients With Alzheimer’s 
Disease * 


Amyloid 





*Kendall’s 7B = .071 43, P = .3887. 0 indicates absence of amyloid or pallor; plus/minus, slight presence; 
and 1+ and 2+, increasing presence. Numbers opposite symbols are numbers of patients in category. 


Table 3.—Presence of Amyloid and Cortical Lesions in Patients With Alzheimer’s 
Disease 


Amyloid 


++ 


Cortical Lesions 





* Kendall's 7 B = . 14434, P = .2963. Minus indicates absence of amyloid or cortical lesions; plus/minus, 


Slight presence; and 1+ and 2+ increasing presence. Numbers opposite symbols are numbers of patients in 


category. 


patients with AD who had severe (++) 
white matter pallor on pathologic ex- 
amination died at a significantly 
younger mean age (72.8 years) than did 
the nine persons with less or no pallor 
(mean age at death 80.9 years, 
P = .004). A younger mean age of onset 
of dementia does not totally explain 
this phenomenon, as the difference in 
age of onset between the two groups 
approaches but does not attain statis- 
tical significance (P = .072). If one 
compares, instead, the mean age of 
death of the 10 patients with definite 
(+ or ++) pallor (78.2 years) with that 
(79 years) of the 3 with little or no pal- 
lor (+ or —), no significant difference 
emerges. 

The presence of cortical scars in pa- 
tients with AD was associated with a 
longer mean duration (5.7 years) of ill- 
ness than was seen among the patients 
without scars (9.9 years, P = .028). 


COMMENT 


Lotz et al'* report a 72% sensitivity 
and 100% specificity of CT scans for 
white matter lucencies. Our results 
likewise indicate that the CT scan 
identifies L-A reliably, though CT 
scans failed to detect white matter 
changes in a pair of instances. This 
may reflect not a deficiency of CT itself 
but the development of lesions after 
scanning. An average of 18 months 
elapsed between CT and pathologic 
examinations in the two patients 


(cases 16 and 17) with unsuspected 
white matter pallor at autopsy. The 
corresponding interval in the three in- 
stances (cases 13 through 15) with 
normal-appearing CT scans and ques- 
tionable or no white matter changes at 
autopsy was 9 months. This difference, 
while not conclusive, supports the hy- 
pothesis that the discordance between 
CT and autopsy findings may result in 
part from changes happening after CT 
examination but before death. One pa- 
tient with MID (case 17) indeed sus- 
tained a large cerebral infarction sub- 
sequent to undergoing CT examina- 
tion, with the effect that the 
accompanying white matter changes 
went undetected radiologically. The 
two false-negative CT scans described 
by Lotz et al'* may have arisen through 
a Similar mechanism. 

While more sensitive, MRI scanning 
is less specific than CT. The data of 
Awad et al” indicate a 100% sensitiv- 
ity and 88% specificity in the detection 
of myelin pallor. However, MRI iden- 
tifies other pathologic changes less ac- 
curately. For example, its sensitivity 
and specificity for gliosis, calculated 
from Awad’s raw data, are 94% and 
56% , respectively. Moreover, MRI can- 
not distinguish among the various 
pathologic entities underlying the ab- 
normal appearances it reveals. 

Both CT and MRI scanning have 
different strengths and weaknesses. 
Computed tomography detects large 


Leuko-araiosis—Janota et al 


uA 


lesions, which reflect loss of myelin 
and axons and are known to have clin- 
ical correlates. However, CT scans can 
miss small abnormalities that MRI 
detects. These are more heterogeneous 
and may involve only blood vessels and 
not the brain parenchyma. 

Conclusions based on our neuro- 
pathologic observations are restricted 
by the small numbers, by the limited 
sampling possible, and by the neces- 
sarily subjective assessment of sever- 
ity of the various pathologic entities. 
The vascular changes described in 
CAA* were not severe in our material, 
nor did cortical scars, hemorrhages, 
and astrocytosis always accompany 
CAA. This may reflect the mild degree 
of CAA seen in our subjects. Alterna- 
tively, cortical lesions and CAA may be 
related only through a common asso- 
ciation with AD. The findings indicate 
an association between CAA and white 
matter changes, but do not confirm 
that the former produces the latter. 

The CAA may produce white matter 
pallor by restricting blood flow and 
rendering cortical neurons ischemic. 
The insult, even if insufficient to kill 
many cells, may impair their transport 
functions sufficiently to injure their 
axons. The resulting changes, without 
apparent ischemic injury to the white 
matter, should resemble those seen by 
Besson et al*? and by us. Others™* have 
described direct ischemic injury to the 
white matter. Indeed, blood pressure 
changes that do not impair the blood 
supply to the gray matter can virtually 
eliminate white matter perfusion.” 
Other factors, such as hypotension or 
vascular changes, may also prove im- 
portant in producing white matter le- 
sions. 

Our case 12 illustrates the point that 
there is no clear separation between 
MID and what was called Bins- 
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wanger’s disease, or L-A. Leuko-araio- 
sis invariably accompanies MID, 
though cortical lesions do not neces- 
sarily accompany L-A. Dementia of 
vascular origin is a spectrum with pri- 
marily cortical involvement at one end 
and chiefly white matter damage at the 
other. 

The finding that patients with AD 
who have severe white matter pallor 
die earlier and tend to become de- 
mented sooner than other patients 
with AD bolsters the observation" 
that L-A contributes to mental impair- 
ment. It also demonstrates the pres- 
ence of a “threshold effect,” as subjects 
with a moderate amount of pallor do 
not share this poor prognosis. This 
finding, while important, rests on a 
small set of selected patients and re- 
quires confirmation. 

Younger patients with AD manifest 
more severe pathologic and chemical 
disturbances than do older sub- 
jects.“ Our previous finding that pa- 
tients with more classic pathologic al- 
terations die relatively younger than 
those with “atypical” changes* sup- 
ports this point. These data suggest 
that white matter pallor is another 
sign of a more aggressive process in 
the younger patients. This hypothesis 
is striking when one considers that 
L-A is more common among older per- 
sons.” 

The observation that patients with 
AD who have cortical scars survive 
longer than those without scars is 
puzzling, as it contradicts expectation. 
A possible explanation is that small 
scars, far from producing increased 
mortality, identify those individuals 
with good survival. Such may be the 
case if scars appear late in the course 
of the disease and contribute to im- 
pairment only occasionally, when par- 
ticularly extensive. Those subjects 
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Dawn A. Marcus, MD, Michael J. Soso, PhD, MD 


è We investigated stripe-induced visual 
discomfort and its relation to migraine. 
Some people find viewing striped patterns 
aversive. Prior work has suggested that 
migraineurs, in particular, are bothered by 
stripes. Subjects were selected by oppor- 
tunity sampling. They were shown striped 
patterns and asked questions about their 
general health and their headache history, 
if any. Of the 102 subjects, 38 were diag- 
nosed as having migraine headaches, 22 
had nonmigraine headaches, and 42 were 
considered to be nonheadache subjects; 
82% of those with migraines were stripe 
sensitive while only 6.2% without mi- 
graines were stripe sensitive. We con- 
clude that stripe aversiveness is related to 
migraine headaches and can assist differ- 
entiation of migraine and nonmigraine 
headaches. 

(Arch Neurol. 1989;46: 1129-1132) 


Wilkins et al, in 1984, noted that 
most people find certain patterns 
of stripes unpleasant to look at. These 
patterns often have an “op art” ap- 
pearance and induce illusions of color 
and movement. Patterns causing the 
most discomfort were black and 
white-striped gratings with a stripe 
spacing of three to four cycles of black 
and white per degree of visual arc. 
Wilkins et al! also noted that sub- 
jects complaining of frequent head- 
aches were more likely to experience 
significant discomfort and visual dis- 
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tortion while viewing stripes than sub- 
jects without headaches. Moreover, 
stripe viewing apparently induced 
headache attacks in some subjects 
with histories of headaches. Perhaps 
as a result of these phenomena, pa- 
tients with presumed migraine were 
mostly excluded from their study. 
These suggestive findings of Wilkins 
et al! provide a novel approach to the 
study of migraine. Since stripe aver- 
siveness may represent an unappreci- 
ated symptom of the migraine syn- 
drome, this feature could have utility 
as part of the clinical and investigative 
evaluation of migraine. We present the 
results of a preliminary investigation 
to determine if stripe-induced visual 
discomfort is related to migraine in a 
statistically significant way. 


SUBJECTS AND METHODS 


We interviewed 102 subjects selected by 
opportunity polling of physicians (52 sub- 
jects), nurses (18), and clerical workers (15) 
employed by the University of Pittsburgh 
(Pa) hospitals as well as 17 neurology clinic 
patients with a primary complaint of head- 
ache. All subjects considered themselves to 
be in good health. Each neurology patient 
had a normal result of a complete neuro- 
logical examination. 

In the nonmigraine population, the fol- 
lowing medications were taken on a regular 
basis: oral contraceptive pills (one subject); 
enalapril maleate and hydrochlorothiazide 
(one subject with controlled hypertension); 
thyroid hormone (one subject); theophyl- 
line (one subject); albuterol inhaler (one 
subject); nortriptyline hydrochloride (one 
subject, for depression); sulindac (two sub- 
jects, for arthritis); indomethacin and as- 
pirin (one subject, for arthritis); as indi- 
cated (prn) ranitidine, terfenadine, ibu- 
profen (one subject); and prn aspirin only 
(one subject). 


. Migraine and Stripe-Induced Visual Discomfort 


In the migraine population, the following 
medications were regularly used: oral con- 
traceptive pills (three subjects; one of these 
also uses prn ibuprofen); medroxyproges- 
terone acetate (one subject); propranolol 
hydrochloride (two subjects, for head- 
aches); a combination of 65 mg of isome- 
theptene, 100 mg of dichloralphenazone, 
and 325 mg of acetaminophen (Midrin) (one 
subject); multivitamins, nonprescription 
(one subject); calcium, nonprescription (one 
subject); sucralfate and prn ibuprofen (one 
subject); prn ibuprofen only (two subjects); 
prn aspirin (four subjects, one of these also 
using prn acetaminophen); prn combina- 
tion of 50 mg butalbital, 325 mg of aspirin, 
and 40 mg of caffeine (Fiorinal) (one sub- 
ject); and ciprofloxacin (one subject, for a 
limited duration to treat a urinary tract in- 
fection). 

The male to female proportion for the 
entire population was 48% to 52%. For the 
migraine population this ratio was 21% 
men to 79% women. The average age for the 
total population interviewed was 32 years 
(range, 20 to 71 years). The 38 individuals 
with migraine headaches had an average 
age of 33 years (range, 22 to 47 years). 
Righty-three subjects were between 20 and 
39 years of age; 17 subjects were 40 to 49 
years old; and of the 2 subjects who were 
older than 50 years, 1 had nonmigraine 
headaches and the other did not have re- 
current headaches. 

Informed consent was obtained after a 
general explanation of the nature of the in- 
terview. Subjects were first instructed to 
look at several pictures and to “comment” 
on them. The request for comments was 
made ina neutral tone of voice: “I would like 
you to look at some pictures and then 
answer some questions. You can feel free to 
make any comments about the pictures 
while you are looking at them.” Within the 
series of pictures were two black and white, 
vertical stripe patterns. The black stripes 
and white stripes had equal width. Stripe 
spacing, at an average viewing distance of 
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Criteria for Diagnosis of Migraine 


A. Absolute Criteria: Must Have All of the Following: 


1a. History of recurrent headaches 3a. Onset of headaches before age 40 y 








2a. Duration of symptoms from 2-72 h 4a. Migraine interrupts routine 


B. Relative Criteria: Need Score >10 Points * 


. Neurological phenomena associated 15b. Headache before or during stress (—2) 






























with headache, lasting at least 5 min 16b. Headache after stress, on weekends or 
(+20) holidays, after staying up late or 
2b. Unilaterality (+8) sleeping in (+2) 
3b. Vasomotor changes (+4) 17b. Family history of headaches that took 
4b. ender vessels or improvement with subject to bed or were associated with 
pressing temples (+4) neurological phenomena (+6) 
5b. Neck discomfort (—2) 18b. History of sleepwalking (+ 1) 
6b. Prodrome of unusual mood or craving 19b. History of motion sickness (+1) 
(+1) 20b. History of “ice cream" headache (+1) 
7b. Gastrointestinal symptoms (+6) 21b. Grind or clench teeth (—1) 
8b. Rhinorrhea or lacrimation (—3) 22b. Frequent crick in neck (—1) 
9b. Smoke with headache (—4) 23b. History of irritable bowel syndrome 
10b. ensitivity to odors, light, or noise (each, (—1) 
+1) 24b. Chronic head, neck, or back pain (— 1) 
11b. Washcloth, ice pack, heating pad on 
head (+2) 





*Numbers in parentheses indicate number or points. 


m Stripe Positive 


id Stripe Negative 





No. of Subjects 


Migraineurs Others 





Fig 1.—Stripe sensitivity in all subjects. Graph shows the number of subjects with and without 
stripe-induced visual discomfort. The migraineurs were subjects diagnosed as having migraines 
using the criteria itemized in the Table. They are compared with all other subjects (those with non- 
migraine headaches and those without headaches). 


Fig 2.—Stripe sensitivity in subjects with migraine and nonmigraine headaches. Graph presents 
the number of subjects with and without stripe sensitivity. The migraineurs were subjects diagnosed 
as having migraines using criteria described in the Table. The nonmigraineurs had recurrent, non- 
migraine headaches using the same criteria. Subjects without headaches are not represented. 


LL] Stripe Positive 
fad Stripe Negative 





No. of Subjects 


Migraine Nonmigraine 
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43 cm, was either three or four cycles per 
degree of visual arc. The other pictures 
were “nongeometric” clusters of randomly 
arrayed circles and irregular patterns used 
as catch trials to identify subjects inclined 
to give “dramatic” or embellished re- 
sponses to the presentation of any irabbi 
material. After the image viewing, the sub- 
jects were asked to indicate if they found 
any of the pictures unpleasant or uncom- 
fortable to look at. 

Behavioral and subjective reactions to all 
images were recorded. Stripe aversiveness 
(stripe sensitivity) was judged by the re- 
sponse to either of the two vertical stripe 
patterns. Grimace with eye narrowing and 
head withdrawal, turning away, or refusal 
to look at the stripes were considered pos- 
itive responses. Less severe reactions or 
subjective complaints of distress without 
objective displeasure were noted, but they 
were regarded as negative responses for the 
purposes of the following analyses. 

After viewing the images, subjects an- 
swered an extensive series of questions 
about headaches and general health. Ques- 
tions about headache history were pur- 
posely asked after image viewing to avoid 
biasing the examiner when assigning view- 
ing reaction. Their responses categorized 
the subjects into three groups: migraine 
headache, nonmigraine headache, or non- 
headache. This classification used explicit 
criteria representing a composite of cri- 
teria employed by other investigators 
(Table). A point system was used to stan- 
dardize assignment of subjects to the vari- 
ous categories. Those subjects meeting the 
stated criteria in the Table, parts A and B, 
were assigned to the category of migraine 
headache. Subjects with recurrent head- 
ache not meeting the criteria itemized in 
the Table were assigned to the nonmigraine 
headache group. Individuals without recur- 
rent headache were classified as nonhead- 
ache subjects. The results were analyzed by 
usual statistical methods. 


RESULTS 


No subjects displayed aversive, dra- 
matic, or embellished responses to the 
nongeometric pictures; therefore, 
these test images will not be discussed 
further. Many subjects who found the 
striped patterns aversive reported, af- 
ter testing, prior experience of stripe- 
induced discomfort involving looking 
at escalator treads, ironing striped 
shirts, or looking at miniblinds, 
striped wallpaper, or paneling. Two 
subjects asked to be interviewed in a 
different room because the striped 
wallpaper of the initial examination 
area bothered them. Also, in three mi- 
graineurs, migraine symptoms were 
induced within several hours of stripe 
viewing: scotoma in one and headache 
in the others. 

Kighty-two percent of the 38 sub- 
jects with migraine headaches demon- 
strated stripe aversion (Fig 1). Of the ” 
remaining 64 subjects (those with non- 
migraine headaches and those with 


Migraine—Marcus & Soso 


. 


> 
q. 


nonheadaches), only 6.2% evidenced 
stripe discomfort. Statistical analysis 
for significance was performed using a 
x? with Yates’ correction for 1 df 
(x? = 56.7; P < 10). This supports a 
relation between migraine headaches 
and stripe sensitivity. 

The same 88 migraineurs, 82% 
stripe-sensitive, were compared with 
the 22 subjects with nonmigraine 
headaches (Fig 2). Only 18% of the 
latter were stripe sensitive. Statistical 
analysis using x? with Yates’ correc- 
tion yielded a x? of 20.5 (P=5.9 
xX 10-6). This result supports a unique 
relation between migraineurs and 
stripe sensitivity not shared by those 
with nonmigraine headaches. 

Finally, since visual phenomena can 
occur during migraine with aura, the 
relation of stripe sensitivity to the 
presence or absence of visual phenom- 
ena was examined. Eighteen of the 38 
migraineurs had visual phenomena 
more dramatic than mere blurriness 
(eg, scotoma or fortification scintilla- 
tions). Fourteen (78%) of these 18 
subjects were stripe sensitive. Seven- 
teen (85% ) of the 20 migraineurs with- 
out visual aura were also stripe sensi- 
tive. These findings suggest that stripe 
sensitivity occurs with equal fre- 
quency in migraineurs with visual 
aura and in migraineurs without 
visual aura (Fisher’s Exact Value 
= 0.69). 


DISTINCTIVE CLINICAL FEATURES OF 
SELECTED CASES 


Two subjects noted stripe sensitivity 
since childhood, before the develop- 
ment of migraine headaches. We were 
able to predict the development of mi- 
graines in two other subjects. The first 
subject, a 28-year-old male house of- 
ficer without a history of headache, 
had a history of profound motion sick- 
ness, “ice cream” headaches, and a 
positive family history (mother) for 
migraine. He had noted difficulty in 
looking at the escalator treads where 
he worked. He found looking at the test 
stripes profoundly aversive (refused). 
This information was gathered about 1 
year before the study above was initi- 
ated. He continued headache free until 
a few months later when, while work- 
ing in the electroencephalography lab- 
oratory, his first migraine developed 
and he was forced to retire to a dark, 
quiet room. This attack occurred after 
viewing the striped patterns of elec- 
troencephalographic paper and trac- 
ings. He has continued to have typical 
common migraines. 

The second subject, a 26-year-old 
woman, was also headache free at the 
time of initial examination. She had a 
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history of sleepwalking, profound mo- 
tion sickness, and a strong family his- 
tory of recurrent “sick” headaches. 
She had previously noted stripe sensi- 
tivity with an aversion to gazing at 
miniblinds, and she was stripe sensi- 
tive to the striped test patterns. About 
6 months after her initial examination, 
the first of several of her migraines 
developed, each preceded by visual 
phenomena of wavy lines and sparkles. 


COMMENT 


Our findings document that stripe- 
induced visual discomfort occurs in 
82% of subjects with migraine head- 
aches. Only 18% of subjects with 
chronic nonmigraine headaches were 
stripe sensitive. No individuals with- 
out recurrent headaches found the 
striped patterns aversive. As a conse- 
quence, stripe-induced visual discom- 
fort is a useful test for differentiating 
subjects with migraine from individu- 
als with nonmigraine headaches as 
well as from individuals without head- 
aches (Figs 1 and 2). 

Our study was affected by limita- 
tions that influence much of the work 
on this topic. Specifically, subjects 
were examined as they were encoun- 
tered. Our results neither reflect the 
overall incidence of headaches or mi- 
graines in the general population nor 
do they represent the true male to fe- 
male ratios of migraineurs. These fig- 
ures have been reported previously by 
numerous authors. Additionally, our 
results were influenced by our. decision 
to adopt an explicit and reproducible 
method for assigning diagnosis 
(Table). Some patients who would be 
diagnosed by others as having mi- 
graine headaches would not meet our 
criteria. Our goal was to assure that 
only those patients believed by most 
authorities to have migraine head- 
aches would be diagnosed as such in 
our study. 

Within these limitations, our results 
indicate that migraineurs have a 
unique, aversive response to the view- 
ing of striped patterns. This finding 
can be used to aid in the occasionally 
difficult diagnosis of migraine by 
providing additional clinical history 
questions and a simple clinical test. 
In particular, history questions that 
proved useful included queries about 
aversion to viewing escalator treads, 
narrow-slat venetian blinds (mini- 
blinds), striped clothing (eg, seer- 
sucker), and striped wall coverings. 
The stripe-viewing methods of this 
report provide a simple clinical test 
for migraine. 

Pattern-induced visual discomfort, 
unappreciated until the report of 


Wilkins et al,! is demonstrated by our 
study to have a significant relation to 
migraine. However, other visual phe- 
nomena are conspicuous clinical fea- 
tures of migraine attacks. These 
include scotomata or blind spots, tei- 
chopsia or fortification spectra, pho- 
topsia or stars and flashing lights, and 
Alice in Wonderland phenomena of 
micropsia, macropsia, and inver- 
sion.'''* These phenomena suggest 
that the occipital lobes and the visual 
system can play an important role in 
the elaboration of a migraine attack. 
Nevertheless, only a minority of pa- 
tients with migraine headaches have 
these dramatic symptoms, whereas 
most migraineurs find striped patterns 
aversive. Pattern-induced visual dis- 
comfort can coexist with any of the 
other visual phenomena of migraine 
and does not imply, as far as we know, 
a special subclass of migraine. 

The prevalence of stripe aversive- 
ness among migraineurs indicates a 
more subtle and pervasive alteration 
of visual system function than sug- 
gested by “classic” migrainous visual 
symptoms. This interictal alteration is 
consonant with a neurophysiologic 
diathesis underlying the migraine 
predisposition. Because the stripe 
aversiveness appears to predate the 
development of actual headaches in 
some subjects, it may constitute a 
central feature of the protean mi- 
graine syndrome. This conclusion 
agrees with other observations sug- 
gesting a neural, as opposed to a vas- 
cular, humoral, or autonomic, cause 
for migraine.'*”” 

The relation between episodic ten- 
sion-type headaches and migraine 
without aura is an area of active de- 
bate. Many authors have concluded 
that they are indistinguishable,”” al- 
though not all agree.” Our technique 
appears to distinguish these two 
groups (Fig 2), thus suggesting a fun- 
damental difference between them. 

The human visual system is opti- 
mally sensitive to striped patterns 
with the properties used in our study.’ 
Identical patterns elicit epileptiform 
discharges in patients with pattern- 
sensitive epilepsy.” Visual cortex 
neurons probably mediate aspects of 
pattern sensitivity. Perhaps further 
study of stripe-induced visual discom- 
fort and migraine will allow more def- 
inite statements about the role of the 
visual cortex. 


Neal Traven, PhD, Department of Epidemiol- 
ogy, Graduate School of Public Health, University 
of Pittsburgh, assisted with data analysis. John 
Moossy, MD, Division of Neuropathology, Depart- 
ments of Pathology and Neurology, University of 
Pittsburgh, gave criticism and advice. 
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Controversies in Neurology 


Clinical Value of Topographic Mapping 
and Quantified Neurophysiology 


Frank Hopkins Duffy, MD 


Clinical neurophysiology is undergo- 

ing a metamorphosis. Knowledge- 
able neuroscientists, however, ques- 
tion whether the outcome will be 
merely evanescent, as a colorful but- 
terfly, or a lasting and valuable ad- 
vancement. Recent change, mani- 
fested by the profusion of commercial 
color topographic mapping devices 
and, more substantively, by a small 
number of sophisticated mapping sys- 
tems, has been spurred by modern sig- 
nal analytic and statistical techniques 
in clinical diagnosis, electroencepha- 
lography (EEG), and _ long-latency 
evoked potentials (EPs). These 
changes are the byproduct of ever-in- 
creasing power of microcomputers at 
ever-decreasing costs. High-speed 
data processors with megabytes of 
memory, gigabytes of storage, and su- 
perb color graphics make possible the 
analysis of the voluminous data re- 
corded from the human scalp. This 
emerging discipline is often referred to 
as quantified EEG or topographic 
mapping. We prefer the global term 
“quantified neurophysiology” (qNP), 
since these analytic techniques apply 
equally to long-latency EP and EEG 
data. 

As the “average” neurologist at- 
tempts to determine the legitimacy of 
these highly technical devices, he or 
she is confronted with a barrage of in- 
formation including, on the one hand, 
exaggerated claims by manufacturers 
and proponents and, on the other hand, 
equally exaggerated criticisms by self- 
proclaimed experts, many of whom 
have had little first-hand experience 
with these methods. It is difficult to 
discern fact from fantasy. 

The BEAM Laboratory/Seizure 
Unit, Children’s Hospital, Boston, 
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Mass, has engaged in clinical and re- 
search applications of brain electri- 
cal activity mapping since the mid 
1970s'*; we have evaluated more than 
1500 clinical patients and as many re- 
search subjects. We are well ac- 
quainted with the benefits and pitfalls 
of qNP. 

Our original interest was based on 
the observation that many referrals to 
our epilepsy-oriented neurophysiology 
laboratory requested more than a con- 
firmation of epileptiform activity. An 
informal catalog of laboratory refer- 
rals indicated that for more than 50% 
of referred patients, we were asked to 
judge whether focal, regional, or glo- 
bal encephalopathy was present. Typ- 
ical referrals included patients with 
headache, learning disability, behav- 
ioral abnormality, depression, and 
questionable cognitive decline—all 
conditions where spikes are unlikely 
but where increased background slow- 
ing may signal covert organic abnor- 
mality. Unfortunately, background 
abnormality is not readily detected by 
visual inspection of EEG, especially 
when evaluating patients from various 
age groups. 

The limiting factor historically was 
the restricted ability of the unaided 
human visual system in performing 
spectral analysis (how much of what 
frequency), temporal summation (con- 
sistency over time), spatial mapping 
(localization), and statistical analysis 
(detection of abnormality) by simple 
inspection of EEG. Our approach was 
to perform these processes, especially 
spectral analysis and spatial mapping, 
by computer on long EEG segments. 
Although sensitivity increased, it also 
became evident that even the most 
normal subject was not completely 
symmetric. To decide when a finding 
was “normal,” we would have to es- 
tablish a normative database. Hence, 
we developed significance probability 
mapping, where a subject’s raw data 
map was replaced by its standard de- 
viation (z transform) from a norma- 


tive database.‘ Simultaneous with de- 
velopment of spectral mapping of 
EKG, we explored the clinical value of 
long-latency EP data. Here, signifi- 
cance probability mapping was even 
more useful since a history of classic 
EEG analytic experience was not 
available for EPs. 

It soon became evident that one 
could not equate the finding of signif- 
icance probability mapping abnormal- 
ity with disease. There are at least two 
reasons for this. First, given the large 
number of statistical variables, some 
are bound to be “significant” by chance 
alone. This potential problem, which 
generated criticism and response,*” is 
easily managed. The hallmark of 
chance events is their random appear- 
ance, of real events their constancy. 
We require that for a significance 
probability mapping finding to be con- 
sidered “real,” it must hold up under a 
minimum of three repetitions. Statis- 
tical “exploration” is immediately fol- 
lowed by statistical “confirmation.” 
Second, artifact can produce large, 
consistent significance probability 
mapping abnormality, yet have no 
clinical meaning. Major artifact 
sources include eye blink (frontal 
delta), drowsiness (increased central 
theta, late EP vertex wave changes), 
and muscle (increased temporal/fron- 
tal beta rhythm). Fortunately, most 
artifacts have unique characteristics 
recognizable with experience. More- 
over, by performing appropriate sta- 
tistics on electrodes specifically placed 
to monitor artifact, one can readily 
identify artifact. Any artifact that 
contaminates scalp data is even more 
evident in the artifact electrodes. The 
greater care needed to produce quality 
topographic mapping data requires 
much improved, concurrently derived 
standard EKG tracings. As such, in 
our laboratory, EEG tracings always 
accompany qNP studies for artifact 
control and for their intrinsic clinical 
value. 

In our view, qNP studies should 
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never be “diagnostic.” They provide 
information that contributes to a di- 
agnosis, along with other available 
clinical information. This is an exten- 
sion of the old rule that one never di- 
agnoses epilepsy from the EEG alone. 
In our experience, qNP functions best 
as an “organicity detector,” the sensi- 
tivity of which augments classic EEG. 
Conversely, some investigators have 
indeed focused on specific diagnoses.'! 
This organicity detector represents 
another potential of qNP, but it is lim- 
ited to a small set of discriminant 
functions primarily of value in psychi- 
atry. One must remember that re- 
search demonstrating differences be- 
tween clinical groups does not neces- 
sarily imply that a diagnosis can be 
made in individual subjects. Auto- 
mated classification is a more complex 
process? with issues of sensitivity and 
specificity that must be addressed." 
To date, qNP is valuable in neurol- 
ogy whenever questions of changed 
EEG background arise. To draw on re- 
cent experience for an example, qNP 
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mapping demonstrated focal slowing 
and focally abnormal visual evoked 
responses in a 34-year-old man with 
his first foeal seizure. However, four 
EEGs with sleep and one computed to- 
mographic scan on this patient were 
normal. The subsequent magnetic res- 
onance imaging, however, confirmed 
focal white matter abnormality. In- 
creasing slowing and/or fast activity 
may be the subtle first manifestations 
of a seizure focus.'? As mentioned, qNP 
provides a detector of unexpected or- 
ganicity in behavioral neurology and 
biologic psychiatry. We speculate that 
surface and depth mapping of spikes 
may someday tell us much more useful 
information about epilepsy than we 
can glean from simple polygraphic in- 
spection of discharges. 

Standards for the practice of qNP 
have yet to be agreed on, and it is clear 
that qNP and mapping performed by 
untrained personnel are not simple 
substitutes for EEG. Interpreters 
must have training not only in EEG 
but also in qNP itself. The potential of 
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Uses and Abuses of Brain Mapping 
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proin mapping is a term now often 
applied to specific computer-based 
electroencephalographic (EEG) tech- 
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niques, especially EEG and evoked po- 
tential topographic mapping and fre- 
quency analysis. Several types of color 
displays are available. Patient EEG 
data can be compared digitally to a 
normative database. About a dozen 
vendors offer commercial equipment 
to perform such tests, and between 300 
and 500 units are in use in the United 
States. 


these techniques can be achieved only 
through better trained interpreters 
using well-designed equipment.’* Un- 
fortunately, it seems that some manu- 
facturers, apparently motivated solely 
by profit, have capitalized on flashy 
colored images, often bypassing stan- 
dard EEG and the necessary use of 
control group data. 

While these deplorable practices are 
declining, many issues remain. These 
include optimal number of electrodes, 
proper electrode reference, clinical 
value of spectral coherence, best sta- 
tistical technique to recognize abnor- 
mality, proper use of color graphics, 
selection criteria for normative 
groups, and many more. Nevertheless, 
in my experience, properly obtained 
qNP provides much more clinical in- 
formation than simple EEG. There can 
never be less, since high-quality EEGs 
always accompany this process. The 
technique is of clinical value now, and 
as issues are scientifically and clini- 
cally resolved, the field will increase its 
productive contribution. 
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The reading of routine EEGs has re- 
quired substantial training and expe- 
rience. Color-coded EEG topographic 
maps might present EEG information 
in a more understandable way, espe- 
cially for persons unfamiliar with in- 
terpreting routine EEGs. Unfortu- 
nately, a substantial number of tech- 
nical and clinical problems interfere 
with such a simple clinical appli- 
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cation.' These problems can easily mis- 
lead interpretations, sometimes in 
subtle ways. References are often ac- 
tive. Traditional EEG artifacts can 
appear in unusual and surprising 
ways, and new artifacts can be caused 
by the processing and computer 
display.? Many features of the routine 
EEG are missed altogether by most 
computer processing algorithms: Epi- 
leptic spikes are generally overlooked 
or considered artifactual. Transient 
slowing can be missed or washed out. 
The computer may consider as “ab- 
normal” some of the unusual EEG ac- 
tivity known to have no clinical impor- 
tance, such as prominent mu pattern, 
psychomotor variant, harmonics, and 
other normal variants. Automated as- 
sessment of normality in these records 
would have to consider the subject’s 
age, state of alertness, medications, 
and other factors, but ways to do this 
are still not defined, especially when 
the patient is receiving a medication 
that is active in the central nervous 
system. Substantial statistical issues 
are critical in automated assessment 
of normality. Important technical 
choices must be made in recording 
these tests, and the correct choices are 
not yet clearly known for factors in- 
cluding reference sites, number of 
channels needed, epoch length, 
amount of EEG acquired, and artifact 
rejection criteria. 

Little research has been published 
on how these tests could have an im- 
pact on the treatment of individual 
patients. Such scientific studies ought 
to show that these tests offer some- 
thing valuable not readily available 
through standard history, physical ex- 
amination, and ordinary medical test- 
ing that would be done anyway, such as 
magnetic resonance imaging or rou- 
tine EEG. Cerebrovascular disease is 
an example of an area where these 
tests might fill certain specific needs. 
Several quantified EEG parameters 
are highly correlated with regional ce- 
rebral blood flow, with 7 = .75 to .80 in 
several studies.*® Sensitivity is 80% 
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to 95% for detection of ischemia-re- 
lated cerebral impairment, and false- 
positive results total only a few per- 
cent.'*'® Such changes may be noted in 
the computer-EEG records even when 
the routine EKG is interpreted as nor- 
mal. The tests can be abnormal even if 
the computed tomographic scan is still 
normal, such as in the first 2 to 3 days 
after a cerebrovascular accident or 
when the degree of ischemia is mild 
enough to cause dysfunction without 
frank infarction. But localization abil- 
ity is definitely inferior to computed 
tomography or magnetic resonance 
imaging. The EEG changes do not dif- 
ferentiate infarction from tumor or 
some other focal lesions.” The EEG 
tests, whether by computer or not, test 
physiology rather than anatomy or 
pathology. This information about 
physiology is often unavailable 
through purely anatomic tests. The 
KEG tests are usually less costly, use 
no radiation, cause no claustrophobia, 
and can be done portably or continu- 
ously in an intensive care unit or oper- 
ating room. In an intensive care unit, 
the EEG might eventually provide 
early warnings of deterioration, simi- 
lar to the role played by an electrocar- 
diogram in the cardiac care unit. The 
EEG frequency analysis data may be 
crudely interpreted by nurses on line, 
whereas the same nurses may have 
had much greater difficulty interpret- 
ing routine EEG. 

Research shows other interesting 
possibilities for future applications. 
Antiepileptic medications can change 
the shape of epileptic spikes, and such 
changes may predict future success or 
failure for control of the clinical sei- 
zure disorder with that drug.'® A vari- 
ety of other research areas are being 
pursued in metabolic disorders and 
other situations, and the future looks 
bright for eventual clinical use of some 
of these findings. But in general, these 
uses are still under development and 
not ready for general use.” Especially, 
there are not yet any specific applica- 
tions of these techniques for disorders 
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such as schizophrenia, dyslexia, de- 
pression, alcoholism, and drug abuse. 
Amazingly, this computer-based EEG 
technology has been touted as provid- 
ing important diagnostic information 
in all those clinical settings. No medi- 
cal study has yet shown that simple 
topographic mapping and frequency 
analysis provide information suffi- 
ciently specific to diagnose any of those 
disorders. Many research studies have 
been done using computer-based EEG 
techniques to study the pathophysio- 
logic characteristics of neurologic and 
psychiatric disorders, and many of 
these have contributed important in- 
formation about the possible causes of 
diseases. These studies have shown 
small but reproducible differences be- 
tween groups of patients and groups of 
normal subjects, but such group find- 
ings are not directly relevant for diag- 
nosis in an individual. The closest data 
so far have been produced by John and 
colleagues,” who have classified indi- 
vidual psychiatric patients with 70% 
sensitivity, but 30% false-positives, 
using a complex multifactorial EEG 
classification scheme unavailable on 
most commercial machines. Even that 
study is awaiting replication by others. 

Overall, I believe that this field is 
still in its infancy. Much more research 
and development are sorely needed. 
Much of the lore is unsubstantiated. 
Many of the current applications in the 
clinical community have little or no 
basis in the scientific literature. These 
techniques are often more difficult 
than interpreting a routine EEG. A 
routine EEG should be considered a 
mandatory part of this test to docu- 
ment the raw data that is put into the 
computer.” The interpreter needs to be 
an expert in analyzing this routine 
KEG as well as having sufficient addi- 
tional skills, knowledge, and experi- 
ence to interpret the computer-pro- 
cessed data. The computer data should 
be viewed as adjunctive to traditional 
EKG testing; such routine EKG testing 
should serve as the foundation for any 
clinical use of quantitative EEG tools. 
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Byers arise not only from scarcity 

but from excess of information, 
especially in transmuted form. Dra- 
matic advances in recording tech- 
niques, computing, and visual display 
allow the topographic quantification of 
the whole spectrum of frequencies of 
brain activity and many other fea- 
tures. The potential exists for objec- 
tive classification of physiologic brain 
patterns, early detection of pathologic 
processes, and more accurate mapping 
of epileptic activity. And yet, every al- 
gorithm is a compromise, making as- 
sumptions that may distort the infor- 
mation from atypical cases. Both Dr 
Duffy and Dr Nuwer warn against ar- 
tifacts—old artifacts in new shapes 
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Brain Mapping 


and new artifacts created by process- 
ing and computing. Dr Nuwer is also 
concerned that epileptic spikes are 
generally overlooked or considered ar- 
tifactual, that transient slowing can be 
missed or washed out, and that un- 
usual normal variants may be inter- 
preted as abnormal. 

Dr Duffy states that quantitative 
neurophysiologic studies should never 
be “diagnostic,” and he and Dr Nuwer 
demand that an electroencephalogram 
be performed at the time of brain 
mapping. Clearly the information on 
brain mapping cannot be trusted with- 
out the monitoring of the raw data 
from the electroencephalogram. Inter- 
estingly, there appear to be no studies 


Jonkman EJ, Lopes da Silva FH, eds. Brain 
Ischemia: Quantitative EEG and Imaging Tech- 
niques. Amsterdam, the Netherlands: Elsevier 
Science Publishers; 1984;62:85-103. 

18. Frost JD, Kellaway P, Hrachovy RA, Glaze 
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control. Ann Neurol. 1986;20:723-726. 

19. Nuwer MR. Quantitative EEG, II: fre- 
quency analysis and topographic mapping in clin- 
ical settings. J Clin Neurophysiol. 1988;5:45-85. 

20. John ER, Prichep LS, Fridman J, Easton P. 
Neurometrics: computer-assisted differential di- 
agnosis of brain dysfunctions. Science. 1988; 
239:162-169. 

21. American Electroencephalographic Soci- 
ety. American Electroencephalographic Society 
statement on the clinical use of quantitative EEG. 
J Clin Neurophysiol. 1987;4:197. 


to demonstrate what brain mapping 
adds to the diagnosis in an individual 
patient, nor indeed whether the in- 
creased information and misinforma- 
tion from brain mapping is clinically 
better or worse than that from the 
stark but familiar, standard electro- 
encephalogram. 

One cannot but welcome advances in 
the harnessing, quantification, and vi- 
sual display of brain activity, but the 
burden of proof of the clinical useful- 
ness of brain mapping remains with 
those who would make diagnosis more 
elaborate, complex, or costly. 

— VLADIMIR HACHINSKI, MD, FRCPC 

London, Ontario, Canada 
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“New York" and “Salt Lake City.” Zip code is 
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Professional Opportunities 


NEUROLOGIST — BC/BE sought for expanding 
community hospital in northwestern Connecticut. 
Hospital and medical staff support available. Please 
send CV and reply to: Mrs. Mary Schenzer, Medical 
Staff Secretary, P.O. Box 432, New Milford, CT 
06776. 





NEUROLOGIST BC/BE to join a busy, established, 
rapidly growing practice in northwest Ohio. Com- 
petitive starting salary. Practice deals with a large 
number of RSD, autonomic and movement dis- 
orders. Send CV and references to: Walter L. Olson, 
MD, 6005 Monclova Road, Maumee, Ohio 43537. 


EXPANDING DYNAMIC 
GROUP PRACTICE 


of six (6) adult neurologists in Virginia suburbs of 
Washington, D.C. is seeking a board-certified/- 
eligible neurologist to join our comprehensive 
neurodiagnostic team. Excellent opportunity fora 
compassionate, personable, hard working per- 


son. Subspecialty training, especially EEG, 
evoked potential and sleep disorder fellowship 
preferred. Teaching and faculty appointments 
available. Send CV to: 


D. Hope, Neurology Center of Fairfax, Ltd. 
3020 Hamaker Court, Fairfax, VA 22031 





A BUSY, FIFTEEN-NEUROLOGIST GROUP in 
Minneapolis seeks an energetic neurologist with a 
strong interest in the clincial care of patients. The 
ideal candidate should have expertise in neurophysi- 
ology and an interest in teaching residents and med- 
ical students. Participation in clinical research is 
available. The practice is located in a beautiful, 
modern facility and is equipped with all diagnostic 
tools. Position available in July, 1990. Please contact: 
Craig Weflen, Administrator, Noran Neurological 
Clinic, 910 East 26th Street, Minneapolis, MN 55404. 





NEUROLOGIST — BC/BE, to join two busy neurol- 
ogists in Denver, Colorado. Private practice skills 
necessary. Practice is highly diverse. Contact: 
Stanley H. Ginsburg, MD, Neurological Consult- 
ants, P.C., 4545 Ninth Avenue, Suite 650, Denver, 
CO 80220. (303) 320-2946. 


NEUROLOGIST 


BC/BE, to join two busy neurologists in Denver, 
Colorado. Private practice skills necessary. Prac- 
tice is highly diverse. Contact: 


STANLEY H. GINSBURG, MD 
NEUROLOGICAL CONSULTANTS, P.C. 
4545 East Ninth Avenue, Suite 650 
Denver, CO 80220 
(303) 320-2946 





HUNTINGTON, WEST VIRGINIA. Board-certified 
or -eligible pediatric neurologist wanted for full-time 
faculty appointment in the Department of Pediatrics 
at Marshall University School of Medicine. Practice 
plan opportunities, full diagnostic capabilities and 
large referral base. Contact: J: Werthammer, MD, 
1801 Sixth Avenue, Huntington, WV 25755. Tele- 
phone: (304) 696-7065. Position available until filled. 
EOE/AA. 





WEST VIRGINIA UNIVERSITY seeks an academ- 
ically oriented, board-eligible or -certified child neu- 
rologist with clinical or basic research interests/ex- 
pertise. Send curriculum vitae to: Ludwig Gutmann, 
MD, Department of Neurology, West Virginia Uni- 
versity Health Sciences Center, Morgantown, WV 
26505. An affirmative action/equal opportunity 
employer. 
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Professional Opportunities 


BC/BE ADULT NEUROLOGIST needed to join six 
other neurologists in busy practice with SEG, EP, 
EMG, DUPLEX, CT modalities in office. Salary to 
early partnership. Excellent neurosurgery and 
neuroradiology in community. Reply with CV to: 
President, RNA, Inc., 2601 Franklin Road SW, 
Roanoke, VA 24014. 


NEUROLOGIST — BC/BE to join established 
neurology/neurosurgery group in northern Alabama. 
Very active private practice in a growing lakeside 
community. Send CV to: R.A. Ray, MD, Semmes- 
Murphey Clinic, P.O. Box 1557, Florence, AL 
35631-1557. 


NEUROLOGIST — 50-physician, multi-specialty 
medical group in Los Angeles seeks full-time BC/BE 
neurologist. Attractive compensation and benefits. 
Starting date negotiable. Send CV to: Z. Joseph 
Wanski, MD, Medical Director, The Moore-White 
Medical Group, 266 South Harvard Boulevard, Los 
Angeles, CA 90004. 


SES Si Ae a oe S e ES, 
NEUROLOGIST, BC/BE — Excellent opportunity 
to join a busy, four-physician section in a large 
multi-specialty group practice. Located in desirable 
Bluegrass region of Kentucky. Competitive salary 
and benefits. Send letter and CV to: Ms. Martha 
Riddell, Lexington Clinic, 1221 South Broadway, 
Lexington, KY 40504. 








CEJKA IS NOT A 
SWEDISH GAME SHOW 


But you may have heard of us. For 
nearly ten years, Cejka (CHECK’-A) & 
Company has been retained by clients 
nationwide for thoughtful and thorough 
physician search. 


Several NEUROLOGY searches are 
now in progress exclusively through 
Cejka for practices in: 


TEXAS 

NORTH DAKOTA 
ILLINOIS 
ARKANSAS 
OKLAHOMA 


FLORIDA 
LOUISIANA 
GEORGIA 
MINNESOTA 
IOWA 





GET TO KNOW US 


Inquiries are confidential, and all fees/ 
expenses are paid by our clients. Call: 


Tim Furnish 
CEJKA & COMPANY 
222 South Central, Suite 400-5 
St. Louis, MO 63105 

1-800-365-2237 


4920 





NINDS Funds Available 
for Grants 
To Employ Minority Scientists 


Supplemental funds to active research grants are now available from the 
National Institute of Neurological Disorders and Stroke (NINDS) for employ- 
ing minority scientists. 


The special funding mechanism is part of a National Institutes of Health 
(NIH) initiative to increase the number of under represented minorities in 
biomedical research. Under represented minority groups include Blacks, 
Hispanics, Native Americans and Pacific Islanders. 


The newly launched program targets four educational groups — high school 


students, undergraduate collegiates, graduate students and faculty members. 


Awards range from $1,500 for nine months to $50,000 annually for up to four 
years. Principal investigators must fully involve the minority student or 
scientist in their ongoing projects. 


Applications may be submitted at any time; decisions will be made approxi- 
mately four weeks later. 


For more details, contact the following: 


ked 
Director os NS» 
Division of Extramural Activities Peay G 
NINDS/NIH z ZS m 


Federal Building, Room 1016A O e 
Bethesda, MD 20892 S HEN 
(301) 496-9248 


At) Michael Reese Health Plan 


The Michael Reese Health Plan, a large well-established 
HMO serving its members in 20 Health Centers throughout 
the Chicago Metro area, is seeking additional Board 
Certified/Eligible physicians in the following specialty: 


Neurology 


Physicians with the Health Plan enjoy a full practice with 
modern facilities and equipment as well as opportunities for 
teaching. 








A highly-competitive salary and excellent benefits 
complement a rewarding practice and lifestyle. 


Interested applicants should address inquiries to: 


Scott P. Smith, M.D. 
MICHAEL REESE HEALTH PLAN 
2545 Dr. Martin Luther King Dr., 
Chicago 60616 


or call (312) 808-4551 


an equal opportunity employer mitih 








Professional Opportunities 


CENTRAL ARKANSAS. A neurologist is needed as 
a replacement for young physician who moved to 
hometown. Exceptional opportunity to assume 
developed practice and referrals from more than 50 
physicians. Less than one our to Little Rock and the 
Ozark Mountains. Modern, outstanding 170-bed 
hospital with the latest in equipment and services 
offers guarantee and other incentives. For more 
information, contact: Marc McDaniel, c/o Hartline 
Associates, Inc., 5000 Linbar Drive, Suite 260, Nash- 
ville, TN 37211. Telephone: (615) 781-2200, collect. 


NEUROLOGIST 


With interest in sleep disorders for a full-time 
faculty position in the Department of Neurology, 
The Medical College of Pennsylvania, available 
immediately. Must be board-certified or board- 
eligible in neurology; responsibilities include 
neurology and sleep disorders, patient care and 


clinical teaching; clinical sleep disorders research 
desirable. Send CV to: 


June M. Fry, MD, PhD 
Chief, Division of Somnology 
THE MEDICAL COLLEGE OF PENNSYLVANIA 
3200 Henry Avenue, Philadelphia, PA 19129 
An affirmative action/equal opportunity employer. 





SUBURBAN NORTHERN NEW JERSEY practice 
seeks third BC/BE neurologist to start January or 
July 1990. Group serves two 500-bed university- 
affiliated teaching hospitals with sophisticated 
neurosurgical and neuroradiological services. 30 
miles from New York City. Fellowship training 
and/or electrodiagnostic experience strongly 
desired. Reply with CV to: Box #801, c/o AON. 


ACTIVE CLINICAL PRACTICE in central 
Connecticut needs BE/BC neurologist to join young 
solo practitioner. EEG/EMG/EP proficiency needed. 
Salary leading to partnership. Excellent area for 
family living. Easy access to many educational, cul- 
tural and recreational activities. Supportive relation- 
ship with local community full service hospital. Affil- 
iated with major teaching tertiary hospital. Reply 
with CV to: P.O. Box 98, Cheshire, CT 06410. Or call 
office: (203) 237-8115, and leave name and number. 


Faculty Positions 


ACADEMIC NEUROLOGIST — The Department of 
Medicine at Memorial Hospital of Rhode Island is 
seeking a board-certified neurologist who is an 
accomplished teacher and who has a record of 
scholarly productivity for a position at Memorial 
Hospital in Pawtucket, Rhode Island. An interest in 
behavioral neurology is relevant. The position is 
fully salaried by Memoria! Hospital and will carry a 
faculty appointment at Brown University program in 
medicine at the level of assistant or associate pro- 
fessor of medicine. Memorial Hospital is an equal 
employment opportunity/affirmative action employ- 
er and encourages applications from members of 
minority groups. The completed applications must 
include a curriculum vitae, a bibliography, the 
names of ten suitable reference persons, and must 
be received by November 1, 1989. Applications 
should be addressed to: Richard A. Carlteton, MD, 
Physician-in-Chief, Memorial Hospital of Rhode 
Island, 111 Brewster Street, Pawtucket, RI 02806. 


THE CLEMENT ZABLOCKI Veterans Administra- 
tion Center (affiliated with the Medical College of 
Wisconsin) is seeking applications for a faculty 
based position beginning August 1989. Candidates 
will require board-certification in neurology, board- 
eligibility for clinical neurophysiology, two or more 
years of a fellowship in neuromuscular disorders 
and experience in EMG (including single fiber 
studies), autonomic nervous system testing, inter- 
pretation of muscle/nerve biopsies and teased 
fibres, and pediatric and geriatric EMG studies. 
Responsibility will inlcude clinical duties and 
research related to pediatric, adult and geriatric 
neurology. Candidates should submit curriculum 
vitae and three letters of recommendation to: 
L. Cass Terry, MD, PhD, Chairman, Department of 
Neurology, Medical College of Wisconsin, Froedtert 
Memorial Luthern Hospital, 9200 West Wisconsin 
Avenue, Milwaukee, WI 53226. The Medical College 
of Wisconsin is an equal opportunity employer. 
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a PAPH Positions 


NEUROLOGY — Assistant Professor. Hennepin 
County Medical Center and the University of Minne- 
sota Medical School seek an adult neurologist atthe 
assistant professor level to become director of 
HCMC's ambulatory care program and to develop 
its electromyography progam. The applicant should 
be BC/BE with a strong interest in teaching and 
electromyography. The clinic program includes 
daily general neurology clinics and a variety of 
special clinics. Salary and benefits are consistent 
with other academic institutions. Interested appli- 
cants should send a CV, bibliography and names 
of three references by January 15, 1990 to: M.G. 
Ettinger, MD, Chief of Neurology, Hennepin County 
Medical Center, 701 Park Avenue South, Minneapolis, 
MN 55415. The University of Minnesota and the 
Hennepin County Medical Center are equal oppor- 
tunity educators and employers, and specifically 
invite and encourage applications from women and 
minorities. 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University of Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and have subspe- 
cialty expertise in clinical neurophysiology, epi- 
lepsy or cerebrovascular diseases. Preference will 
be given to candidates with interest in clinical 
research. Loyola University is an equal opportu- 
nity/affirmative action employer. Interested appli- 
cants should send their curriculum vitae to: G.G. 
Celesia, MD, Chairman, Department of Neurology, 
Loyola University of Chicago, 2160 South First 
Avenue, Chicago, IL 60153. 





NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. Mcintosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


FACULTY POSITIONS IN NEUROLOGY are avail- 
able at either the assistant or associate professor 
level in the Department of Neurology at the Medical 
College of Virginia. Areas of special interest are 
epilepsy, neuromuscular diseases, dementia and 
stroke. Well-qualified applicants with other areas of 
clinical expertise, however, are encouraged to apply 
and will be seriously considered. Board-eligibility in 
neurology is required, and eligibility or certification 
by ABCN is preferred for the epilepsy position. The 
Department of Neurology has ongoing research 
programs in both clinical and basic research areas 
including epilepsy, head trauma, evoked potentials, 
stroke, myasthenia gravis and related areas. Senda 
CV and the names of three references to: Dr. Robert 
J. DeLorenzo, Chairman, Department of Neurology, 
Medical College of Virginia, Box 599, MCV Station, 
Richmond, VA 23298-0599. Telephone: (804) 
786-9720. Virginia Commonwealth University is an 
equal opportunity/affirmative action employer. 
Women and minorities are encouraged to apply. 





THE DEPARTMENT OF NEUROLOGY of Loyola 
University of Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in movement disorders 
and/or epilepsy. Preference will be given to candi- 
dates with interest in clinical research. Loyola Uni- 
versity is an equal opportunity/affirmative action 
employer. Interested applicants should send their 
curriculum vitae to: Gastone Celesia, MD, Chair- 
man, Department of Neurology, Loyola University 
of Chicago, 2160 South First Avenue, Chicago, IL 
60153. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 








GEORGE 
WASHINGTON 
UNIVERSITY 

oe MEDICAL CENTER 

w s WASHINGTON, D.C. 


A search is underway to fill the Chair of the Department of Neurology at 
the George Washington University Medical Center. The Department of 
Neurology is an active part of a comprehensive academic effort in neuro- 


science at one of the nation’s major medical schools. There is excellent - 


basic science support in neurobiology both within the institution and at 
the National Institutes of Health and the Armed Forces Institute of Pathol- 
ogy. An active and approved residency training program isin place. There 
are excellent collegial relationships both investigatively and clinically with 
other areas of clinical neuroscience (neruosurgery, psychiatry, neuro- 
radiology, neuropathology, neuroanaesthesiology). 
The vigorous new leadership of the medical center and the university 
helps make this an outstanding academic opportunity. 
It is anticipated that the individual selected would assume the Chair as of 
July 1, 1990. Nominations for this position will close October 31, 1989. 
Letters of interest and CVs should be sent to: 

Susan G. Shields 

George Washington University Medical Center 
Ambulatory Care Center 
Suite 7-420, 2150 Pennsylvania Avenue Northwest 
Washington, DC 20037 
(202) 994-4238 


George Washington University 
is an equal opportunity/affirmative action employer. 


NORTHERN CALIFORNIA 


DIRECTOR OF 
NEUROLOGY DEPARTMENT 


The Permanente Medical Group has an outstanding opportunity for a 
BC/BE Adult Neurologist to join our large teaching hospital in the San 
Francisco Bay Area. The position requires an individual who is inter- 
ested in administration as well as clinical practice. 


As a physician with The Permanente Medical Group, you will enjoy our 
substantial benefits package and highly competitive salary. Benefits 
include malpractice insurance, medical, dental and group life insur- 
ance, educational, vacation and sick leave, an excellent retirement 
program and special arrangements for physicians transferring from 
established practice. Additionally, you will become a key member of 
our rapidly expanding group which is experiencing an unprecedented 
rate of growth. 


For more information, send CV to Richmond Prescott, M.D., Physician 
Recruitment Services, Dept. PRS-5379, The Permanente Medical Group, 
Inc., 1814 Franklin, áth Floor, Oakland, CA 94612. (415) 987-4949. 
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TWIN CITIES 
AREA 


Multi-specialty group, 
located in northern suburbs 
of Minneapolis, has an 
excellent opportunity for a 
BC/BE Neurologist. 


Offers suburban living with 
easy access to metro 
amenities, plus full range of 
four-season recreation. 


Guaranteed highly 
competitive salary; paid 
vacation and CME; pension 
and profit sharing plans; 
paid malpractice; health, life 
and disability benefits. 


Contact: 


RON JANKOWSKI, MD 
5300 153rd Avenue 
Ramsey, MN 55303 

Or call 
(612) 427-7180 









Excellent Opportunity 
in Los Angeles- 

Long Beach area for 
motivated, well trained 


NEUROLOGIST 
to join two-person group. 


CT Scan, Carotid Ultrasound, 
EEG, Evoked Potential and 
EMG on site. Active medical 
student and residency teaching 
program affiliated with UCI. 
Position open immediately. 
Initial salary with early 
partnership. 


Please contact: 


Drs. Laurence Carnay 
and Richard Graham 


Los Angeles 
Neurological Center 


(213) 531-2220 
Or send CV to: 


2865 Atlantic Avenue, Suite 
#154, Long Beach, CA 90806. 





Faculty Positions 


ADULT NEUROLOGISTS. Tenure track positions 


available at Texas Tech University Health Sciences 
Center. One position is at the El Paso campus for a 
Clinically oriented neurologist; two positions are at 
the Lubbock campus for clinically and/or research 
oriented neurologists. The department is expanding 
research programs in Parkinson's and Alzheimer's 
disease. Send CV to: Joseph B. Green, MD, Profes- 
sor and Chairman, Department of Medical and Sur- 
gical Neurology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430. 





THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Missouri Health Sciences Center is recruit- 
ing an assistant level neurologist with a special 
competence in electroencephalography and in clin- 
ical and research aspects of epilepsy. The new 
faculty member will join a growing EEG and epi- 
lepsy section of a growing Department of Neurology 
at the University of Missouri in Columbia. Board- 
certification in neurology and in electroencephalo- 
graphy and a prior fellowship in electroencephalo- 
graphy and/or epilepsy, and prior epilepsy research 
are desirable. Academic rank and compensation will 
be based upon training and experience. Please con- 
tact: William J. Crowley, Jr., MD, Professor and 
Chairman, Department of Neurology, School of 
Medicine, University of Missouri Hospital and Clin- 
ics, Columbia, MO 65212. 


THE DEPARTMENT OF NEUROSURGERY at the 
University of Virginia Health Sciences Center 
announces the availability of a full-time position as 
Professor of Neurosurgery. The candidate must be 
board-certified or board-eligible with a primary 
interest in cavernous sinus and cranial base tumors. 
Send CV and bibliography to: John A. Jane, MD, 
PhD, Department of Neurosurgery, University of 
Virginia Health Sciences Center, Box 212, Medical 
Center, Charlottesville, VA 22908. The University of 
Virginia is an affirmative action/equal opportunity 
employer. 


FACULT 
POSITION 


The DEPARTMENT OF NEUROLOGY 
at the University of Massachusetts 
Medical Center has a full time aca- 
demic faculty position available for 
1990, at the Assistant or Associate 
Professor level. The position is for a 
candidate with a demonstrated interest 
and background in teaching, research 
and patient care. The proportion of 
time devoted to each of these activities 
is negotiable. Experience and seniority 
will be taken into consideration. Finan- 
cial arrangements are competitive with 
other similar institutions. 


Reply to: David A. Drachman, 
M.D., Professor and Chairman, 
Department of Neurology, Universit 
of Massachusetts Medical Center, 55 
Lake Avenue North, Worcester, MA 
01655, USA. 


An Athimative 
Action Equal 
Opportunity 
Emplover 





The University of Miami 
School of Medicine 
is seeking qualified applicants for the 
position of 


PROFESSOR AND 
CHAIRMAN 
Department of Neurology 


The candidate must be board-certified in 
neurology and respond creatively to the 
challenge of clinical care, research and 
teaching in a postgraduate neurology pro- 
gram which currently supports 21 resi- 
dents and 13 fellows. He/she must also 
possess superior skills in clinical neurol- 
ogy, a proven track record in research and 
sound administrative skills. The Depart- 
ment of Neurology is responsible for clini- 
cal neurological services at the 1250-bed 
University of Miami/Jackson Memorial 
Medical Center and the adjacent 490-bed 
Miami V.A. Medical Center. The depart- 
ment also cares for a large number of pri- 
vate and county-supported patients in its 
outpatient facilities. Currently on the 
neurology staff, there are 15 full-time phy- 
sicians and 8 tenured PhD's participating in 
an ongoing clinical care, teaching and 
basic research program. Interested appli- 
cants should send an updated CV to: 


Robert M. Quencer, MD, Chairman 
Neurology Search Committee and 
Director, Division of Magnetic 
Resonance Imaging, University of 
Miami Department of Radiology 


1115 N.W. 14th Street, Miami FL 33136 


The University of Miami offers a competi- 
tive salary and benefits package and is an 
equal opportunity/affirmative action em- 
ployer. Qualified minorities and women are 
encouraged to apply. 





Fellowships 


CLINICAL RESEARCH FELLOWSHIP in Dementia. 
The Wien Center for Alzheimer’s Disease and 
Memory disorders of Mount Sinai Medical Center, 
Miami Beach, a center dedicated to clinical diagno- 
sis, treatment and research in dementing diseases, 
in association with the Departments of Psychiatry 
and Neurology, University of Miami School of Medi- 
cine announces the availability of the Ruth and 
Larry Wien Dementia Fellowship position for July 1, 
1990. A clinical neuroscientist (MD or MD, PhD) 
who is board-eligible/-certified in neurology, psy- 
chiatry or both specialties is being sought for this 
position which is renewable for up to two years. The 
fellow will be exposed to a multi-disciplinary 
approach to the diagnosis and treatment of patients 
with memory disorders (about 300 patients are seen 
annually), including the disciplines of neurology, 
psychiatry, internal medicine, neuropsychology, 
nursing and social services. The fellow is encour- 
aged to commit up to 50% of his/her time to a 
research project in one of several possible areas 
including neuropathology, receptor autoradiogra- 
phy, neurochemistry, neuroimaging (MRI and 
SPECT), neuropsychology, neuropsychiatry, elec- 
trophysiology, neuroimmunology, and clinical and 
molecular genetics. Training and research projects 
will occur at both Mount Sinai Medical Center and 
University of Miami School of Medicine. Applicants 
should send CV and names of three references to: 
Ranjan Duara, MD, Associate Director, Wien Center 
for Alzheimer’s Disease and Memory Disorders, 
Mount Sinai Medical Center, 4300 Alton Road, 
Miami Beach, FL 33140. Stipend will be $30,000 for 
the first year. In addition, up to $10,000 per annum 
for approved research projects will also be available. 
Applications received by January 1, 1990 will be 
considered. Mount Sinai Medical Center and the 
University of Miami Schoo! of Medicine are equal 
opportunity employers. 


: Fellowships 


NEUROPATHOLOGY TRAINING FELLOWSHIPS. 
Opportunities for one to three years of training in 
diagnostic neuropathology and research are imme- 
diately available for MDs and DOs working toward 
careers in academic medicine. Research programs 
in a wide range of neuroscience/neuropathology 
fields are available to fellows. The University of lowa 
is an affirmative action/equal opportunity employer. 
Send curriculum vitae to: Program Director, Michael 
N. Hart, MD, University of lowa, Department of 
Pathology, lowa City, IA 52242. (319) 335-8242. 


EPILEPSY/CLINICAL NEUROPHYSIOLOGY fellow- 
ship available for one or two years in the Oregon 
Comprehensive Epilepsy Program. Training in EEG, 
evoked potentials, and medical and surgical man- 
agement of the epilepsies is emphasized, leading to 
board-eligibility for ABCN. Experience in both pedi- 
atric and adult EEG/telemetry is provided. An active 
seizure surgery program affords the fellow expo- 
sure to a wide range of electrophysiological pro- 
cedures. Recordings with sphenoidal, subdural, 
depth and grid electrodes are typically utilized. 
Opportunities for clinical and basic neuroscience 
research are available. The fellow will also partici- 
pate in the teaching of neurology residents and 
medical students from Oregon Health Sciences 
University. The salary is a PG5 level and includes the 
usual benefits. Interested candidates should send a 
curriculum vitae and two letters of recommendation 
to: Dennis B. Smith, MD, Director, Oregon Compre- 
hensive Epilepsy Program, Good Samaritan Hospi- 
tal and Medical Center, N400, 1040 Northwest 22nd 
Avenue, Portland, OR 97210. 


Pain 
Fellowship 


The Pain Service in the Depart- 
ment of Neurology at Memorial 
Sloan-Kettering Cancer Center is 
seeking a board-eligible/board- 
certified neurologist for a pain fel- 
lowship. This is a one or two year 
position which offers comprehen- 
sive training in pain evaluation 
and treatment with a strong em- 
phasis on cancer pain. Fellows will 
participate in clinical investigations 
on neuro-oncologic pain syndromes 


and the pharmacology of opioid 
analgesics. Laboratory research 
Opportunities directed at the 
mechanisms of opiate action and 
the molecular pharmacology of 
opiate receptors are also available. 
Please contact: 


Kathleen M. Foley, MD 
Department of Neurology 


Memorial Sloan-Kettering 
Cancer Center 


1275 York Avenue 
New York, NY 10021 
Telephone: (212) 639-7050 
FAX: (212) 717-3081 





Medical Publications 


RARE MEDICAL BOOKS. Catalogs available with 
good selections of neurology books. W. Dordick, 15 
Ash Avenue, Somerville, MA 02145. (617) 776-1365. 





Fellowships — 


ALSCHULER FELLOWSHIP in Clinical Neurology 


available in Department of Neurology of Michael 
Reese Hospital and Medical Center beginning July 
1, 1990. Fellowship provides training and research 
opportunities in neuroepidemiology, cerebrovascu- 
lar disease, drug trials, dementia, decision analysis, 
and expert systems under direction of Drs. Daniel 
Hier and Philip Gorelick. Send inquiries to: Dr. 
Daniel Hier, Chairman, Department of Neurology, 
Michael Reese Hospital and Medical Center, Lake 
Shore Drive at 31st Street, Chicago, IL 60616. 
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GREAT SALE: Refurbished/warranted electro- 
encephalographs, evoked potential systems, etc. 
Call toll free: (800) 748-5748. MFI Medical. We'll also 
buy used equipment! 


Computers/Software 


CA 1000 with DC 2000 (2 floppy discs) with EMG & 
NCV. Price: $10,000 or best offer. 6 years old. Con- 
tact: Gloria Penney, 1170 East Hallandale Beach 
Boulevard, Hallandale, FL 33009. (305) 456-7133. 





We Target The Physician 
You Want! 


The Archives of Neurology’s classified recruitment advertising section is seen 
precisely by the physician you need — all neurologists, child neurologists and 
neurological surgeons. A total targeted physician audience of almost 14,000. 


Find the physician you need now. Send us your advertising order today. Just 
complete the coupon below and attach your typewritten copy. The next available 
issue is December which closes Wednesday, October 25th. 


The classified rate is $ .95 per word for one issue. For three issues or more, the rate 
is $ .85 per word per issue. Minimum classified ad is 20 words. 


Insert my ad 
Place my ad under the heading 


Enclosed is my check for $ 
of my advertising schedule. 


Institution 
Contact Person 
Address 

City 


Authorized Signature 


times, beginning with the 


to cover full payment 


COPY FOR CLASSIFIED ADVERTISEMENT: 


Send all copy and payments to: 


Neurology 


Classified Department 





P.O. Box 1510. Clearwater. Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Local (813) 443-7666 
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Practice of Neurology 


There is, at present, considerable in- 

terest in the differences among 
medical specialties in the way in which 
certain types of medical care are pro- 
vided. Much of the impetus for the 
study of interspecialty comparative 
health services research arises from 
the effort to measure the differences 
between specialist and generalist phy- 
sicians in the nature, volume, and costs 
of care for much the same types of 
clinical conditions. In the United 
States, the study of interspecialty dif- 
ferences in medical care is important 
with respect to the national effort to 
assure adequate access to primary 
health care services, on the one hand, 
and the effort partially to reduce 
health sector costs through formal 
mechanisms of control that limit pa- 
tient access to specialist services. A 
variety of systems of control have been 
introduced that make access to spe- 
cialist services possible only with the 
concurrence of a primary care physi- 
cian (eg, the so-called gatekeeper 
model health care system, which is in- 
creasingly used by a variety of man- 
aged health care plans). 

In the United Kingdom (UK), where 
the “primacy” of primary care is a 
matter of unquestionable importance 
to the structure and functioning of the 
National Health Service, London, En- 
gland, there is the expectation that 
certain types and levels of service will 
be provided by either specialists or 
generalists, but patients will have ac- 
cess to specialists only when primary 
care physicians have requested this 
level of consultation. Patients would 
rarely be considered the continuing 
responsibility of a specialist consult- 
ant. Moreover, neither patients nor 
physicians would expect that specialist 
consultants would conventionally as- 
sume a long-term continuing care re- 
sponsibility for patients once a defin- 
itive diagnosis and recommended ther- 
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From the Research Unit, Royal College of Phy- 
sicians of London (England) (Dr Hopkins); the 
Department of Neurology, University of Medicine 
and Dentistry of New Jersey-Robert Wood 
Johnson Medical School, New Brunswick (Dr 
Menken); School of Medicine and Health Services 
Research Center, University of North Carolina, 
Chapel Hill (Dr DeFriese); and Department of 
Neurology, Boston (Mass) University School of 


Medicine (Dr Feldman). 
Reprints not available. 


1142 Arch Neurol—Vol 46, October 1989 


Differences in Strategies for the 
Diagnosis and Treatment of Neurologic Disease 
Among British and American Neurologists 


Anthony Hopkins, MD; Matthew Menken, MD; Gordon H. DeFriese, PhD; Robert G. Feldman, MD 


apeutic course had been established 
and executed. 

The differences between these two 
systems of medical care are not merely 
a reflection of the ways in which the 
respective roles and responsibilities of 
specialists and generalists are viewed. 
There are important implications in 
the considerable differences between 
the United States and the United 
Kingdom with respect to the density of 
specialists within the national physi- 
cian manpower pool. In the United 
States, there is projected to be (by 
1990) a total of 8078 neurologists for a 
population of 249.7 million, or a ratio of 
1:28 000.! There are currently only 178 
neurologists? in the United Kingdom 
serving a population of 49.7 million,’ a 
ratio of 1:280 000. The fact that there is 
a 10-fold difference in the available 
supply of neurologists between the two 
countries, and, presumably, a substan- 
tial difference between the experience 
and perspectives of physicians in the 
two countries, would suggest the prob- 
ability of different ways of dealing 
with the common problems encoun- 
tered in neurologic care. These differ- 
ences would be expected despite the 
lack of epidemiologic evidence of dif- 
ferences in burden of neurologic illness 
between the United States and the 
United Kingdom. 

To explore these differences in per- 
spective among similarly trained med- 
ical specialists who have been social- 
ized to the routines and cultures of 
practice associated with quite differ- 
ent systems of medical care, we under- 
took the study reported herein. The 
study was made possible through the 
fortuitous opportunity to convene a 
group roughly approximating one 
sixth of all UK neurologists, and a 
parallel opportunity to survey by 
mailed questionnaire the graduates of 
a single neurology residency program 
in the United States. The study is im- 
portant for two reasons. First, it illus- 
trates the extent to which the macro- 
structural practice milieu can deter- 
mine the way in which physicians view 
the appropriateness of the way they 
diagnose and manage common medical 
conditions within the domain of their 
clinical specialty. Second, it illustrates 
the potential impact of a substantial 
change in the available supply and 


practice environment of a medical spe- 
cialty on the volume and types of med- 
ical care likely to be provided. From 
the vantage point of either nation, this 
study suggests the potential impact of 
a change in the direction of the other 
nation. 

We maintain that neurologic prac- 
tice provides a useful model of spe- 
cialty practice, and this study should, 
therefore, be useful in understanding 
specialty practice in general. Neurol- 
ogy is concerned with a single complex 
organ system, malfunctions of which 
are, usually, clearly distinguished 
from the disciplinary concerns of other 
physicians. Even when these condi- 
tions are attended by physicians in ei- 
ther primary care or general practice, 
there is usually a clear designation of 
these conditions as falling within the 
domain of neurology. 

Previous studies along this line have 
been of three general types. First, 
there is the work of Mendenhall et al,** 
who collected 7-day practice log data 
from a national sample of physicians 
in 24 medical specialties in the United 
States, including neurology. From this 
important study, conducted in 1978, it 
was possible to describe the patterns of 
time and task allocation within a typ- 
ical practice week, the types of clinical 
conditions seen, and the numbers and 
types of clinical procedures performed. 
Comparisons could be made among the 
practice specialties with this database. 
These data continue to be useful for 
many purposes, even though they were 
collected over a decade ago and do not 
reflect the presence and use of tech- 
nology that now has become common- 
place in these areas of medical prac- 
tice. 

Second, there have been a number of 
single-practice clinical epidemiologic 
studies published by UK neurologists 
in recent years. These studies pro- 
vided valuable descriptive profiles of 
the range of clinical problems seen, the 
conditions under which they may be 
attended by a neurologist, and the 
routines of practice that characterize 
the professional lives of these neurol- 
ogists. In this same group are studies 
that have described characteristics of 
patients with certain conditions who 
have been referred to neurologists.’ 

Third, there have been several stud- 
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ies using clinical vignettes that have 
attempted to describe the probable 
patterns of response of neurologists to 
common clinical phenomena.’ In 
these studies, neurologists have been 
asked to consider certain basic clinical 
characteristics of patients and then to 
indicate which of several diagnostic or 
therapeutic interventions they would 
recommend. 

Written clinical case simulations 
(vignettes) offer several advantages in 
research situations.'*"' First, they al- 
low for the collection of data from 
large numbers of respondents. Second, 
data collection involves nominal ex- 
pense and simple logistical arrange- 
ments. Third, through written case 
descriptions it is possible to manipu- 
late or control important factors re- 
lated to the disease of interest or the 
characteristics of the patient. The 
most important limitation of these 
survey methods for the understanding 
of physician behavior derives from the 
usually untested assumption that oral 
or written responses to these written 
case simulations closely correlate with 
actual clinical behavior in a situation 
like that being simulated. Because 
these written case simulations are ab- 
stractions from reality, they cannot 
convey all of the contextual detail that 
visual and oral interaction with a pa- 
tient affords. Clinical vignettes usually 
“cue” respondents to indicate which of 
several behavioral options they would 
recommend in the presence of the cir- 
cumstances reflected in the case illus- 
tration. This characteristic of the 
method may differ considerably from 
actual clinical practice where no 
checklist of behavioral options exists. 
In addition, written clinical vignettes 
can lead the respondent to indicate 
forms of behavior that are perceived to 
be “expected” by the researchers, 
rather than those behaviors the re- 
spondent would normally consider. 
For all of these reasons, there are im- 
portant aspects of these methods that 
raise questions about their validity." 

It was a variation of this methodol- 
ogy that we chose for the study re- 
ported herein. We set out to measure 
the differences among neurologists in 
the United Kingdom and the United 
States in their hypothetical responses 
to five clinical case vignettes. In our 
approach, we attempted to increase 
the validity of our measurements 
through a number of content and pro- 
cedural aspects of the survey instru- 
ment developed for this research. 


METHODS 
Study Program 


In order to ensure that we measured 
clinical decision making across a broad 
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spectrum of conditions relevant to neuro- 
logic practice, we chose five common condi- 
tions for study. These were transient is- 
chemic attack (TIA), multiple sclerosis, de- 
mentia, headache, and completed stroke. 
For each condition, we developed a basic 
description of the presenting situation of 
the patient, a brief synopsis of his or her 
history, and basic sociodemographic char- 
acteristics of the patient. This information 
was presented without a diagnostic label, 
only by case number (eg, 1 through 5). Re- 
spondents were initially asked to specify 
which of several diagnostic procedures they 
would perform in defining the precise na- 
ture of the patient’s condition were they to 
encounter such a patient in their own prac- 
tice situations. Then, with the provision of 
some additional information, respondents 
were asked to indicate which of several 
therapeutic or patient management proce- 
dures they would recommend for dealing 
with a patient with this diagnosis. 

In the case of the UK neurologists’ study, 
we were able to invite a representative 
sample of 26 neurologists to a 2-day work- 
ing conference on practice variations in 
neurologic care at the Royal College of 
Physicians of London (England). During 
this conference, attending neurologists 
were asked to participate in two exercises 
designed to elicit information by which to 
describe the patterns of neurologic care in 
the United Kingdom. 

The first of these exercises was designed 
to measure the norms of care associated 
with the periodicity of neurologic specialist 
visits recommended by these UK consult- 
ants for patients with each of 11 neurologic 
conditions. These findings have recently 
been published.'* The second exercise, the 
clinical vignette study described in the 
present article, was conducted somewhat 
differently in the United Kingdom than 
among the panel of neurologists in the 
United States. At the neurologic practice 
conference in London, participants were 
first presented 21 X 27-cem (8% xX 11-in) 
cards with the first case vignette (ie, TIA) 
and possible diagnostic strategies. After 
they indicated their approach to this hypo- 
thetical clinical situation, a second card for 
that same condition (ie, TIA) was presented 
with possible therapeutic or patient man- 
agement strategies. This procedure was 
followed with diagnostic and therapeutic 
scoring for each of the five clinical condi- 
tions in turn. 

After the London conference of UK neu- 
rologists, we had the opportunity to survey 
by mail the graduates of the neurology res- 
idency training program at Boston (Mass) 
University where one of us (R.G.F.) served 
as chairman of the department of neurol- 
ogy. There were approximately 100 gradu- 
ates of this program at the time of our sur- 
vey who had been in practice as long as 1 
year after their residency training. On an 
annual basis, it was routine practice for the 
director of this program (R.G.F.) to mail a 
questionnaire of some variable content to 
each of the graduates. We were able to 
modify our clinical vignette instrument 
used among UK neurologists and to include 
this aspect of our study in the annual Bos- 
ton University residency program survey in 
the spring of 1986. 
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To recapitulate, the major differences 
between the UK and US versions of the 
data-collection method were the following: 
the diagnostic and therapeutic components 
of the protocol were combined in the same 
instrument and presented to the US respon- 
dents simultaneously, while they had been 
presented separately to the UK neurolo- 
gists; and the UK respondents were led 
through the exercise by the investigators in 
person, while the US respondents answered 
by mail and had access to the entire proto- 
col throughout the exercise. Twenty-eight 
graduates of the Boston University resi- 
dency program responded to the mailed an- 
nual survey. No attempt was made to de- 
termine whether these 28 respondents were 
in any way systematically different from 
the nonrespondents to the survey. The ex- 
ternal validity (and, therefore, the general- 
izability) of the US data cannot, of course, 
be estimated in the present study. 


The Case Vignettes 


The following textual material consti- 
tuted the clinical case vignettes in the 
study. The wording of material in both the 
UK and US applications of the method was 
identical. (The diagnostic and therapeutic 
options for each case, and the relevant per- 
centages for each option, are as delineated 
in Figs 1 through 10). 

Case 1.—(Diagnostic) TIA.—A 56-year-old 
farmer in previous good health presents 
with a report of a single episode of clumsi- 
ness of the right hand and speech that was 
said to have been slurred, lasting 20 min- 
utes. On examination, the neurologic exam- 
ination is normal (blood pressure, 135/85 
mm Hg). The general practitioner has not 
performed any tests prior to referral. 

Which of the following diagnostic proce- 
dures would you employ (ie, those you would 
actually do in everyday practice situations) 
in evaluating this patient? (Options listed 
as in Fig 1.) 

CasE 1.—(Therapeutic) TIA.—Investiga- 
tion of another patient with this history has 
revealed an atheromatous ulcer of the left 
internal carotid artery without significant 
stenosis and a blood pressure of 180/110 
mm Hg. 

What would you advise? (Circle as many 
courses of action as you wish.) (Options 
listed as in Fig 6.) 

Case 2.—(Diagnostic) Multiple Sclerosis. — 
A 28-year-old secretary says that she had a 
history of optic neuritis 5 years ago. In the 
last 3 weeks, she has reported tingling in 
both hands and an imbalance while walk- 
ing. On examination, the only sign found 
was slight unsteadiness. 

Which of the following diagnostic proce- 
dures (if any) would you undertake in eval- 
uating this patient? (Options listed as in 
Fig 3.) 

Case 2.—(Therapeutic) Multiple Sclero- 
sis.— You decide this woman has multiple 
sclerosis. 

What do you tell this patient and/or her 
family at this consultation? (Options listed 
as in Fig 8.) 

CASE 3.—(Diagnostic) Dementia.—A 72- 
year-old widow is brought to your office by 
her son. He is concerned that she is becom- 
ing increasingly forgetful, neglecting her 
housework, failing to buy sufficient food for 
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Fig 1.—Percentage of neurologists who would recommend these 
selected diagnostic procedures for transient ischemic attack (case 1). 
ECG indicates electrocardiogram; SMA-12, 12-factor automated chem- 
ical analysis; CT, computed tomography; Doppler, Doppler ultrasono- 
gram; DVA, digital venous angiogram; and EEG, electroencephalogram. 


preparing family meals, putting the kettle 
on for tea but forgetting to light the burner, 
etc. Examination shows a thin, disheveled 
woman with clear evidence of impairment 
of cognitive function and a soft bruit over 
the bifurcation of the right carotid artery. 
No other abnormality is revealed on gen- 
eral or neurologic examination. 

Which diagnostic tests do you request in 
the evaluation of this patient? (Options 
listed as in Fig 4.) 

Case 3.—(Therapeutic) Dementia.— An- 
other physician performed an arteriogram 
on this patient that revealed 50% stenosis 
of the right internal carotid artery at its 
origin. 

Which of the following would you con- 
sider appropriate therapy for this patient? 
(Options listed as in Fig 9.) 

Case 4.—(Diagnostic) Headache.—A 38- 
year-old woman presents with frontal and 
bitemporal headaches. These began 6 weeks 
before being seen in your clinic and have 
recurred two to three times per week since 
then, each lasting 1 to 2 days. There is no 
personal or family history of headaches. 
General and neurologic examinations show 
no abnormality. 

What diagnostic tests do you request in 
the evaluation of this patient? (Options 
listed as in Fig 5.) 

CASE 4. — (Therapeutic) Headache. — It 
turns out that the patient has previously 
visited another hospital, and a computed 
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tomographic (CT) scan was reportedly neg- 
ative. The patient tells you that she has not 
received any previous treatment. 

What therapy would you advise? (Op- 
tions listed as in Fig 10.) 

Case 5.—(Diagnostic) Completed Stroke.— 
You are asked to see a 60-year-old man who 
developed left-sided hemiplegia suddenly 
about 3 weeks ago. Examination shows a 
spastic left arm and return of function in 
his left leg so that he can now walk to the 
bathroom with assistance. His blood pres- 
sure is normal. This man was not admitted 
to the hospital at the time of the acute ep- 
isode, and no other investigations have been 
performed. 

What diagnostic tests do you request in 
the evaluation of this patient? (Options 
listed as in Fig 2.) 

Case 5.—(Therapeutic) Completed Stroke.— 
Treatment for this patient should include 
(the options listed as in Fig 7). 


RESULTS 


Both groups of participants found 
the exercise to be a reasonably close 
approximation of the real-life clinical 
situations they face in neurologic prac- 
tice. Some participants remarked that 
sensible or definitive answers could not 
be given without better knowledge of 
the patient’s social situation and per- 
ceived wishes, but they were reminded 
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Fig 2.—Percentage of neurologists who would recommend these 
selected diagnostic procedures for completed stroke (case 5). ECG in- 
dicates electrocardiogram; SMA-12, 12-factor automated chemical 
analysis, CT, computed tomography; DVA, digital venous angiogram; 
EEG, electroencephalogram; and CSF, cerebrospinal fluid. 


that they should provide answers that 
reflected their usual clinical practice, 
and that such decisions were “the bot- 
tom line” of common clinical problems. 
A more serious criticism is that inves- 
tigations in actual practice are usually 
sequential, ie, more expensive, inva- 
sive, and complex investigations are 
contingent on the results of lesser 
ones. Nonetheless, the differences in 
responses from the US and UK neu- 
rologists do suggest marked differ- 
ences in patterns of care. 

In the case vignettes presenting pa- 
tients who described either a TIA or a 
completed stroke, UK neurologists, as 
depicted in Fig 1 (TIA) and Fig 2 
(stroke), were considerably more likely 
to recommend or request an electro- 
cardiogram and a chest roentgeno- 
gram than their US counterparts. 
These tests, together with measure- 
ment of blood pressure’ and a history 
of smoking, are generally considered 
in the United Kingdom to be necessary 
measures when assessing the extent of 
vascular disease. Although an electro- 
encephalogram may help distinguish 
between lacunar and major vessel 
infarction," no UK neurologist re- 
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Fig 3.—Percentage of neurologists who would recommend these 
selected diagnostic procedures for multiple sclerosis (case 2). EPS in- 
dicates evoked potential studies; CSF, cerebrospinal fluid; SMA-12, 
12-factor automated chemical analysis; and EEG, electroencephalo- 


gram. 


quested an electroencephalogram in 
either the case of the TIA or the case 
of the completed stroke, although US 
neurologists often did (43% and 33%, 
respectively). Doppler ultrasonograms 
were more frequently performed by 
US neurologists in both cases of vas- 
cular disease. Angiography, either dig- 
ital venous subtraction or conven- 
tional arteriography, was requested by 
about equal proportions of the two 
groups in the case of TIA, but were re- 
quested much more commonly by US 
neurologists in the case of completed 
stroke. Neurologists in the United 
States were also very much more in- 
clined to perform a CT scan after a 
completed stroke. 

In the investigation of patient 2 (Fig 
3) who was described as having multi- 
ple sclerosis, roughly equal propor- 
tions (80% of UK neurologists and 
79% of US neurologists) suggested a 
spinal tap, and a small proportion of 
US neurologists thought that this pro- 
cedure should be combined with a 
-myelogram. Technical investigations 
of the cerebrospinal fluid were rather 
higher in the US group. While all UK 
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Fig 4.—Percentage of neurologists who would request these selected 
diagnostic procedures for dementia. CT indicates computed tomogra- 
phy; SMA-12, 12-factor automated chemical analysis; EEG, electroen- 
cephalogram; CSF, cerebrospinal fluid; Doppler, Doppler ultrasono- 


gram; and DVA, digital venous angiogram. 


neurologists and two thirds of the US 
group thought that visual evoked re- 
sponses would be useful, rather more 
US neurologists extended these elec- 
trophysiologic studies to brain-stem 
and somatosensory evoked responses. 
Magnetic resonance imaging is cur- 
rently available in only a very few 
centers in the United Kingdom for 
other than research purposes, al- 
though this procedure is clearly rele- 
vant to the diagnosis of multiple 
sclerosis.'* Hence, this procedure was 
not included in the vignette for this 
study. 

Planned clinical investigations by 
the two groups of neurologists were 
perhaps most concordant for case 3, 
the patient with dementia. Figure 4 
shows that a CT scan was considered 
necessary by virtually all UK and US 
neurologists. Neurologists in the 
United Kingdom might be surprised by 
the relative lack of interest among 
neurologists in the United States in 
the chest roentgenogram, bearing in 
mind the low cost of this investigation, 
and the lead that a chest roentgeno- 
gram might give in the diagnosis of 
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dementia associated with primary 
bronchogenic carcinoma,”? or due to 
metastatic carcinoma in both lungs 
and brain. Conversely, US neurologists 
might be surprised by the low interest 
in the electroencephalogram in the 
United Kingdom, bearing in mind the 
help it may give in dementia associ- 
ated with unconventional viruses.” 
Requests for metabolic studies (eg, 
thyroid screen and serum vitamin B,, 
values) were similar in both countries, 
though folate investigations were 
more frequently requested in the 
United States. The carotid bruit men- 
tioned in the vignette led to the rec- 
ommendation of Doppler ultrasono- 
grams by US neurologists but led to 
virtually no recommendation for an- 
giography in either country. 
Diversities of response were most 
marked for the management of patient 
4, the 38-year-old woman with head- 
ache. Figure 5 shows that a large pro- 
portion of UK neurologists were con- 
tent to perform no investigations for a 
patient in this age group presenting 
with these symptoms and history. 
About five times as many US neurolo- 
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sis) (case 3). 


gists thought that a CT scan should be 
undertaken. Conversely, about one 
fifth of UK neurologists thought that a 
skull roentgenogram should be ob- 
tained, a procedure that none of the US 
neurologists recommended. More than 
one third of the US neurologists indi- 
cated they would arrange an electro- 
encephalogram for this patient, but 
none of the UK neurologists would fol- 
low this course. Figure 5 also shows 
that US neurologists are much more 
likely to perform several types of blood 
tests in these clinical circumstances. 
The data pertaining to therapeutic 
actions recommended by the two pan- 
els of respondents are displayed in 
Figs 6 through 10. In general, views 
about patient management after diag- 
nostic investigations were more con- 
cordant between the two groups. Con- 
sidering the difficulties in predicting 
the clinical course of multiple sclero- 
sis, it is interesting that virtually all 
UK and US neurologists (as indicated 
in Fig 8) felt that the patient should be 
told of the diagnosis at the stage of the 
illness outlined in case 2 and that some 
investigation was called for at this 
stage. Few neurologists in either coun- 
try wished to embark on pharmaco- 
logic therapy at the stage of multiple 
sclerosis illustrated by the vignette 
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case example. 

Nearly equal proportions thought 
the patient with the completed stroke 
should be hospitalized (Fig 7). The 
predilection in the United States for 
antiplatelet treatment of the elderly 
widow with dementia and a carotid 
bruit (Fig 9) may be possibly explained 
on grounds that aspirin is cheap and 
unlikely to harm, even though the 
clinical presentation is clearly that of 
Alzheimer’s disease rather than 
multi-infarct dementia.” Neurologists 
in the United States seem, however, to 
have some faith in their proposed ther- 
apies of headache (Fig 10). Finally, 
nearly four times as many US neurol- 
ogists as UK neurologists were keen to 
do an endarterectomy in the case of the 
hypertensive patient with a history of 
TIA and an atheromatous ulcer in his 
carotid artery (Fig 6), even though 
there was no significant stenosis and 
the benefits of endarterectomy in these 
circumstances are uncertain.” 


COMMENT 


The results of this exploratory study 
reinforce, to some extent, popular pre- 
conceptions about management in the 
United States and the United Kingdom 
of common neurologic problems. In 
some cases where a UK neurologist 
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might hold back from investigations or 
treatment, his US counterpart will go 
ahead. That is not to say that there are 
no unreasonable investigations of 
questionable value on the UK side, too. 
A total of 14 skull roentgenograms 
were ordered by UK neurologists for 
this series of patients compared with 
only 2 by US neurologists. Most neu- 
rologists from both countries would, 
we believe, accept that if a craniocere- 
bral image is required, then a CT scan 
or magnetic resonance imaging is nec- 
essary and that a skull roentgenogram 
is unlikely to provide useful clinical 
information in any of the vignettes 
outlined here. Although UK neurolo- 
gists might feel that the yield of ab- 
normalities on CT scanning of patients 
with nonspecific headaches (case 4) did 
not justify the expense, US neurolo- 
gists could justifiably say that the 
number of skull roentgenograms per- 
formed by their UK colleagues cer- 
tainly did not justify any expense 
whatsoever, even though the investi- 
gation is cheaper, as the yield of ab- 
normalities is likely to be negligible. 
Some UK colleagues, when questioned 
about this diagnostic strategy, have 
admitted that their practice is to ar- 
range a skull roentgenogram for sim- 
ilar patients to “reassure” the patient 
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about the absence of intracranial dis- 
ease, even though the skull roentgeno- 
gram is inadequate for this purpose 
and even though studies have shown 
that reassurance of patients with 
headache can be accomplished quite 
independently of clinical investiga- 
tions undertaken.’ 

One possible explanation for the dif- 
ferences in clinical practice revealed 
by this study is that investigations and 
therapies are arranged if they are eas- 
ily available, and if control of costs 
does not preclude the physician’s dis- 
cretion in such matters. The low use of 
electroencephalograms and CT scans 
by UK neurologists in these illustra- 
tive cases may reflect no more than the 
relative paucity of investigative facili- 
tes in the UK, so that neurologists have 
learned to “cut their cloak to fit their 
cloth.” Another intuitive explanation, 
more attractive at least to UK neurol- 
ogists, is that their clinical experience 
and reading of the neurological litera- 
ture informs them that many investi- 
gations and therapeutic procedures 
are not clinically necessary in some of 
the situations presented in the vi- 
gnettes. We have already demon- 
strated different “norms of care” in 
the two countries.’ Differences in 
practice style” reflect not only the 
availability of resources and perceived 
likely benefits of medical intervention, 
as scientifically evaluated, but also 
cultural and economic differences that 
may exist between these two countries 
that are similar in so many other 
respects.” 
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A further possible explanation is 
that neurologists in the United States 
are more likely to practice what might 
be termed “defensive investigation” in 
order to minimize their exposure to 
litigation. This may well have been 
true in the past, but the legal climate 
is rapidly changing in the United 
Kingdom, with a near fourfold in- 
crease in subscriptions to the principal 
medical defense organizations in the 
last four years. 

In the United Kingdom, the Na- 
tional Health Service is funded from 
general taxation and taxation on em- 
ployment. Only about 10% of the pop- 
ulation carry private health in- 
surance. Most economists rate the Na- 
tional Health Service as a “good buy” 
as, for the expenditure of 5.4% of gross 
national product (The Times, [London, 
England], January 21, 1988), many in- 
dicators of national health status, such 
as perinatal mortality and life expect- 
ancy at different ages, are as good as or 
better than those of the United States, 
which, in 1986, expended 10.9% of its 
gross national product on health 
care.” However, it could be that the 
scant provision of neurologic services 
in the United Kingdom means that 
treatable conditions are overlooked, 
diagnosed later than they should be, or 
that progressive disorders are less 
skillfully and humanely managed, so 
that locomotor or cognitive disability 
is greater than it need be.” Evidence 
to substantiate this point of view has 
yet to be presented. There is consider- 
able controversy over whether macro- 
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patients who might benefit from 
them.”*” These data do not help us de- 
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of the delivery of neurologic care com- 
pared with those of the United States. 
This will remain unproved until there 
are better methods of measuring out- 
comes of neurologic illness and the ef- 
fectiveness of neurologic intervention. 
These, then, are the principal ques- 
tions to be addressed by those con- 
cerned with the provision of neurologic 
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Focal Cerebral Infarctions Associated 
With Perivascular Tumor Infiltrates 
in Carcinomatous Leptomeningeal Metastases 


Pavel Klein, MD; E. Clarke Haley, MD; G. Frederick Wooten, MD; Scott R. VandenBerg, MD, PhD 


è Diffuse carcinomatous leptomenin- 
geal metastases (‘‘carcinomatous menin- 
gitis’’) have the usual clinical course in- 
volving multifocal nerve root deficits and a 
variable diffuse encephalopathy. In con- 
trast, we describe a patient with carcino- 
matous leptomeningeal metastases who 
presented with clinical signs of meningitis 
and focal cerebral infarction. Over an 8- 
month period, multiple cerebral infarc- 
tions and cranial neuropathies developed. 
Postmortem examination of the patient’s 
brain revealed diffuse leptomeningeal in- 
filtration by a signet-ring adenocarcinoma. 
The extensive involvement of the sub- 
arachnoid space with tumor was associ- 
ated with dense neoplastic infiltration of 
the Virchow-Robin spaces. These perivas- 
cular tumor infiltrates were accompanied 
by multifocal mural invasion and, less fre- 
quently, by intravascular tumor cells oblit- 
erating the lumen. Focal hemorrhagic in- 
farcts in the cerebral cortex corresponded 
to areas of microscopic vasculopathy. 
This case provides evidence that tumor- 
associated vasculopathy with resultant is- 
chemia plays a role in the pathogenesis of 
focal cerebral infarctions in carcinoma- 
tous leptomeningeal metastases. 

(Arch Neurol. 1989;46:1149-1152) 
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iffuse carcinomatous  leptom- 

eningeal metastases (“carcino- 
matous meningitis”) are well-recog- 
nized metastatic manifestations of 
specific malignant tumors, including 
malignant melanoma and carcinomas 
of the lung, breast, and gastrointesti- 
nal tract. The usual clinical presenta- 
tion is chronic meningitis with multi- 
focal cranial and spinal nerve root 
deficits. Cerebral symptoms, if pres- 
ent, are usually related to a diffuse en- 
cephalopathy with cognitive and affec- 
tive changes, alteration of the level of 
consciousness, and seizures. Focal ce- 
rebral symptoms occur infrequently.'” 
Tumor spread in the leptomeninges is 
associated with infiltration of the Vir- 
chow-Robin spaces and variable tumor 
cell invasion of the cranial and spinal 
nerve roots. While lesions of the cra- 
nial and spinal nerve roots have been 
attributed to focal infiltration by the 
tumor, the pathogenesis of the cere- 
bral symptoms is not well under- 
stood.'? 

We describe a patient with carcino- 
matous leptomeningeal metastases 
who presented with chronic meningi- 
tis and a focal brain infarction. The 
clinical course was significant for mul- 
tiple cerebral infarctions, a diffuse en- 
cephalopathy, and cranial nerve defi- 
cits. The results of the pathologic 
examination emphasize the signifi- 
cant role of perivascular tumor cell in- 
filtration in the pathogenesis of focal 
cerebral deficits in carcinomatous lep- 
tomeningeal metastases. 


REPORT OF A CASE 


A 47-year-old right-handed white 
woman, previously well, began to feel tired 


10 months before her death. Eight months 
before her death she began to complain of 
pain in the coccyx that radiated to the right 
thigh and was exacerbated by coughing and 
straining. One month later, she began to 
suffer from dull, bandlike headaches with 
intermittent, mild photophobia and a mild 
clumsiness of her left hand. 

Five months before her death, she had 
several episodes of severe throbbing, right- 
sided hemicranial headaches lasting 15 to 
30 minutes. These recurred over 2 days and 
were accompanied by transient exacerba- 
tions of the clumsiness of her left hand. On 
the third day, she had an acute left upper 
extremity paralysis, followed by slurred 
speech, drooping of the left side of her 
mouth, and numbness of the left side of her 
face. These deficits began to clear within 30 
minutes, but slow mentation and poor con- 
centration persisted. Motor and sensory 
deficits of the left upper extremity included 
apraxia, pronator drift, 4/5 weakness of 
wrist and finger movements, increased 
threshold of primary sensory modalities, 
sensory extinction, agraphesthesia, and hy- 
perreflexia. Kernig’s and Brudzinski’s signs 
were present on the right side. Findings of 
the rest of her examination were normal. 
Normal or negative laboratory data in- 
cluded those obtained from studies of rou- 
tine serum electrolytes, serum albumin, se- 
rum creatinine, serum urea nitrogen con- 
tent, complete blood cell count, erythrocyte 
sedimentation rate, liver function tests, co- 
agulation tests, rheumatoid factor assay, 
antinuclear antibodies, anti-double- 
stranded DNA antibodies, angiotensin-con- 
verting enzyme, serum protein electro- 
phoresis, human immunodeficiency virus 
antibodies, chest roentgenography, echo- 
cardiography, electroencephalography, 
electromyography, magnetic resonance im- 
aging, computed tomography, and myelog- 
raphy. 

The computed tomographic and magnetic 
resonance imaging scans demonstrated 
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Fig 1.—Left, T,-weighted magnetic resonance image of frontoparietal cortex showing an area of high-signal density in right 





superior parietal area. Right, Positron density magnetic resonance image at the level of corpus callosum showing areas of 
high-signal density in the rostral corpus callosum on the right and, extensively, in the right temporo-occipital cortex. Inset, 
Coronal section of the corpus callosum at the level of the thalamic nuclei showing one of the well-circumscribed infarctions 


(arrow). 
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Fig 2.—Coronal section of right occipital lobe 
at the level of the calcarine fissure showing 
multifocal subacute and chronic infarctions in 
cortex and subcortical white matter. 


changes consistent with hemorrhagic in- 
farction in the right superior parietal lobe 
(Fig 1, left). Cerebrospinal fluid examina- 
tion disclosed the following values: protein, 
0.84 g/L; glucose, 3.5 mmol/L; and 52 white 
blood cells, with 0.93 lymphocytes. Results 
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of cerebrospinal fluid VDRL test, india ink 
stain, cryptococcal antigen assay, mycobac- 
terial and fungal cultures, and cytologic 
examination were all normal or negative. A 
cerebral angiogram was normal. 

During the next 4 days, the patient’s 
mental slowing subsided and her focal 
headache improved; the dull headache and 
parietal lobe deficits persisted. She had five 
other episodes over the next 2 months. The 
deficits, including dysarthria, hemiparesis, 
and hemisensory loss, were transient and 
resolved over a 24-hour period. Results of 
the cerebrospinal fluid examinations were 
essentially unchanged, including those of 
six cytologic examinations. Subsequent 
computed tomographic and magnetic reso- 
nance imaging scans showed, in addition to 
the initial changes, contrast enhancement 
over the gyri and sulcal effacement in the 
right parietotemporal lobes. A second an- 
giogram showed focal narrowing of the left 
callosal artery but no other abnormalities. 
Prednisone therapy (60 mg/d) was started 
empirically for a putative central nervous 
system angiitis. Two months before her 
death, the patient became depressed, then 
manic, and developed a progressive gait 
ataxia. During the final month, she became 
confused and developed a left homonymous 
hemianopsia, diplopia with ocular dyscon- 
jugation, bilateral tinnitus, deafness, and 
dysphagia. Magnetic resonance imaging 
showed extension of the initial infarction 
into the occipital lobe, as well as new, mul- 
tiple callosal lesions (Fig 1, right) A needle 
biopsy showed subacute infarction without 
evidence of neoplasm. The patient became 
comatose and died 9 months after the onset 
of her illness. 


PATHOLOGIC FINDINGS 
General Postmortem Examination 


A complete autopsy was performed 
at a community hospital. No primary 
neoplasm was found by gross exami- 
nation even though the breasts, gas- 
trointestinal tract, lungs, and urogen- 
ital tract were specifically examined. 
Microscopic examination was notable 
for subacute and organizing stages of 
pneumonia. No extracranial neoplasm 
was found. The heart valves were free 
of vegetations, and no tumor emboli 
were present in either the lungs or the 
kidneys. 


Neuropathologic Examination 


The brain was examined at the Uni- 
versity of Virginia, Charlottesville. 
The circle of Willis and the vertebral 
and basilar vessels were normal. The 
leptomeninges were partially opaque 
and thickened, most notably over the 
right parieto-occipital and superior 
temporal regions. There was a large 
area of gray-brown discoloration and 
softening over the right cerebrum, in- 
volving portions of the temporal, pari- 
etal, and occipital lobes. Coronal sec- 
tions of this region revealed a large 
area of marked hemorrhagic necrosis 
(Fig 2). A large, hemorrhagic and par- 
tially liquified infarction involving 
both gray and white matter was situ- 
ated adjacent to the right parieto- 
occipital sulcus. The anterior portion 
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of the corpus callosum contained a 
2 X 2-cm infarction on the right side 
with necrosis of the splenium (Fig 1, 
right inset). Similar but less marked 
changes were present in the left insula 
and calearine cortex. Findings of the 
remainder of the examination were 
normal except for mild enlargement of 
the left eighth cranial nerve. 

All microscopic sections showed a 
dense leptomeningeal infiltration by 
signet-ring adenocarcinoma (Fig 3, top 
left). The tumor cells frequently cir- 
cumscribed the small and medium- 
sized meningeal vessels and densely 
infiltrated the contiguous Virchow- 
Robin spaces. Within and adjacent to 
the regions of infarcted tissue, 
perivascular tumor cells invaded ves- 
sel walls and focally obliterated vas- 
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cular lumen (Fig 3, top right and bot- 
tom). Less frequently, polymorphonu- 
clear and lymphocytic infiltrates 
accompanied the perivascular neo- 
plastic cells and one intra-arterial 
thrombus was found in the right pari- 
etal lobe. Rarely, the perivascular tu- 
mor focally breached the pia and mi- 
croscopically infiltrated the adjacent 
neuropil. No intracerebral tumor 
masses were found, although the en- 
larged left eighth cranial nerve was 
infiltrated by tumor. 

The multifocal cerebral infarctions 
included both subacute and chronic le- 
sions, often with significant subacute 
and organizing hemorrhages and pe- 
ripheral gliosis. Mild focal ischemic 
changes were present in the cerebellar 
cortex. The cerebellar nuclei and white 


Fig 3.—Diffuse involvement of the cerebral 
vessels with tumor cell infiltrates. Top left, 
Penetrating meningeal vessel in the temporal 
lobe with massive perivascular tumor infiltra- 
tion into the Virchow-Robin space (hematoxy- 
lin-eosin, X 150). Inset, The tumor cells show 
typical signet-ring appearance (hematoxylin- 
eosin, X600). Top right, Complete obliteration 
of an arteriole in the parietal lobe by tumor cell 
infiltrates (hematoxylin-eosin, X600). Bottom, 
Intramural tumor infiltration of an artery in the 
right parietal lobe (hematoxylin-eosin, X375). 





matter were intact. The brain stem at 
the level of the eighth cranial nerve 
showed leptomeningeal tumor infil- 
trate without parenchymal involve- 
ment. 


COMMENT 


During the past 15 years, diffuse 
leptomeningeal metastasis of extra- 
cranial malignant tumors has been in- 
creasingly reported.’ While previ- 
ously considered uncommon, recent re- 
ports estimate that 3% to 5% of 
patients with solid tumors (and 11% to 
18% of patients with oat cell carci- 
noma of the lung) are affected.*’° Sig- 
net-ring cells in diffuse lepto- 
meningeal metastases have been pre- 
viously associated with primary 
tumors of either the gastrointestinal 
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tract’ or, less commonly, the 
breast.” Thus, the primary tumor site 
in this case, while not found, was most 
likely one of these sites. The present- 
ing features of diffuse leptomeningeal 
metastases are usually related to 
meningeal irritation and nerve root 
lesions. Cerebral involvement, when 
present, is usually manifested as a dif- 
fuse encephalopathy. Although focal 
seizures occur,' focal hemispheric def- 
icits have been infrequently de- 
seribed.!? 

In contrast, the present case, while 
demonstrating early meningeal and 
root symptoms, had focal cerebral def- 
icits consistent with transient is- 
chemia and progressively evolving in- 
farcts as the major clinical features. 
Postmortem examination confirmed 
infarctions in the clinically affected 
cerebral areas, with extensive perivas- 
cular infiltration of leptomeningeal 
and intracerebral vessels by tumor 
cells. Multifocal mural invasion by tu- 
mor cells, with occlusion of the vascu- 
lar lumen, was present and accompa- 
nied by a variable perivascular inflam- 
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matory reaction and intraluminal 
thrombosis. The partial occlusion of 
the callosal artery documented angio- 
graphically may reflect this vasculop- 
athy. No extracranial site of intravas- 
cular tumor was found during the gen- 
eral autopsy, and focal mural invasion, 
not tumor embolization, was therefore 
the most likely source of the intra- 
luminal tumor cells. 

Olson et alt described ischemic 
changes in a number of cases. The 
changes correlated with subpial exten- 
sion of the tumor, but not with the 
amount of tumor in the overlying lep- 
tomeninges, nor with the degree of 
perivascular cuffing. Partial obstruc- 
tion of the vessel lumen by tumor cells 
was noted.* Wasserstrom et al! also 
noted “rarefaction” of the paren- 
chyma surrounding the Virchow- 
Robin spaces infiltrated by tumor. The 
angiograms of four patients “with 
symptoms suggesting cerebrovascular 
disease” showed multifocal arterial 
narrowing. This was interpreted as 
representing infiltration of the arte- 
rial wall by leptomeningeal tumor. A 
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recent report documented an average 
reduction in regional blood flow of 12% 
in patients with leptomeningeal 
metastases.” Thus, tumor infiltration 
may produce vascular lesions leading 
to ischemia in carcinomatous lepto- 
meningeal metastases. The present 
case highlights the role of ischemia 
secondary to an extensive and severe 
perivascular tumor-associated vascul- 
opathy in the pathogenesis of the ce- 
rebral deficits of carcinomatous lepto- 
meningeal metastases. The close cor- 
relation of the clinical deficits, 
radiologic lesions, and pathologic find- 
ings in this case suggests that is- 
chemia secondary to tumor-induced 
vasculopathy could account for focal 
cerebral deficits in diffuse carcinoma- 
tous leptomeningeal metastases. 
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CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated:t 


CRANIUMT?: Osteoplastic tef al flap, 1⁄2 min. è Posterior craniec- 
tomy, 45-60 sec. * Osteoplastie p ior Craniotomy, 1-2 min. è Free tem- 

















Alit: Frontal ¢ Maxillectomy ¢ 
Infra orbit e Mandibular resec- 
ar reduction * Facial fractures ¢ 
Suture holes. 


ne acoustic neuroma, 
. © Orbital fossa dissection. 





cervical fusion with 
sterolateral fusions *® 









al) bone 











tion in situ, 2 ; A posterior. anc prior ® Disc and nerve 
root problems ig sfin ý nérves.*Taking | id, fusions, 1-8 min. 


Se 
a 





okci e, shape e 





BIOMETALS*: (Superalloys, Titanium alloys, Stainless steels) Transect 
and shape in OR, 1-6 min.; in situ, 146 min. 





t t Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial and ENT problems will be explored according to the individual 


wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee payments 

are made through the Midas Rex Office in Fort Worth. 







For additional information, call or write. 


MIDAS REX™ Institute “MODERN DISSECTION TECHNIQUES 
2929 Race Street * Fort Worth, Texas 76111 OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS” 
(NEURO 700, ORP 700) 


NEUROSURGICAL 
SYMPOSIA/HANDS-ON WORKSHOPS 
ENT, Maxillofacial, Plastic and ORL Surgeons 

should attend conferences for Neurosurgeons. 


EXTENSION SITES 


PHOENIX, AZ, NOV. 6-7-8, 1989. Cosponsored by 
Barrow Neurological Institute/St. Joseph’s Hospital 
and Medical Center. (Immediately preceding the 2nd 
Annual Barrow Neurological Institute Spine 
Workshop.) 


PORTLAND, OR, NOV. 14-15-16, 1989. 


KEY WEST, FL, JAN. 17-18-19, 1990. Cospon- 
sored by Memorial Medical Center, Savannah, Geor- 
gia. 


STEAMBOAT SPRINGS, CO, FEB. 26-27-28, 
1990. Cosponsored by The Department of 
Neurosurgery University of Cincinnati Medical Cen- 
ter, Mayfield Neurological Institute, The Christ and 
Good Samaritan Hospitals. 


PARK CITY, UT, MARCH 14-15-16, 1990. 
Cosponsored by The Department of Neurosurgery 
University of Cincinnati Medical Center, Mayfield 
Neurological Institute, The Christ and Good Samaritan 
Hospitals. 


CLEARWATER BEACH, FL, APRIL 8-9-10, 
1990. 


APRIL 26-27-28, 1990. (Imme- 
diately precedes the American Association of 
Neurological Surgeons meeting.) 


PERMANENT SITES 


Hands-on workshops are held weekly in oe pee 
nent facility locations listed below. For sc s of 
these courses see t facility announcements 
elsewhere in this journal, or ‘you may telephone to re- 

quest a complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, Texas. 


NEW YORK CITY, 115 East 61st Street, Lower 


Level. 
THE PALM BEACHES, 529 25th Street, West 
Palm Beach, Florida. 


CHICAGO, 728 West Algonquin Road, Arlington 
Heights, Illinois. 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, California. 


Join the more than 7,600 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,800 Orthopaedic Surgeons; 1,600 Neurosurgeons; 2,250 OR Personnel) 


TECA- 
The New Source in EEG 


by1 TECA, have e deed a a peir ER 
for quality, reliability, ease of use and superior record- _ Quality Low Noise Amplifiers. 


ings. Now, you can select the features your practice Backed by an Extensive Network of TECA Specialists 
demands, combined with the support you deserve. who provide Sales, Applications and Service Support. 


TECA Corporation, Your Full-Service Electrodiagnostic Source 


3 Campus Drive, Pleasantville, New York 10570 914-769-5900 / 1-800-GET-TECA 
FAX: 914-769-9045 
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“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—an exc eedingly rare event! 
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4S rare aS a Seizure on sary 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way.” 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 .¢/mL),? often with 
once-daily therapy (Dilantin Kapseals”), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
(phenytoin) 


References 

1. Shute CCD: The ‘blue moon’ phenomenon. Weather 1976; 
31:292-296. 

2. Ramsay RE, Wilder BJ, Berger JR, et al: A double-blind 
study comparing carbamazepine with phenytoin as initial 
seizure therapy in adults. Neurology 1983;33:904-910. 

3. Porter RJ, Theodore WH: Nonsedative regimens in the 
treatment of epilepsy. Arch Intern Med 1983;143:945-947. 


Please see next page for brief summary of prescribing information. 





11RA 


DILANTIN® (Extended Phenytoin Sodium Capsules, USP) KAPSEALS® 
DILANTIN® (Phenytoin Sodium Injection, USP) PARENTERAL 


Before prescribing, please see full prescribing information. A Brief Summary follows. 








IMPORTANT NOTE 
This drug must be administered slowly. In adults do not exceed 50 mg per minute intravenously. 
In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 






INDICATIONS AND USAGE: Parenteral: Parenteral Dilantin is indicated for the control of status epilepticus of the 
grand mal type, and prevention and treatment of seizures occurring during neurosurgery. 

Oral: Dilantin is indicated for the control of generalized tonic-clonic (grand mal) and complex partial 
(psychomotor, temporal lobe) seizures and prevention and treatment of seizures occurring during or following 
neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see Dosage and 
Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Parenteral and Oral: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

Parenteral: Because of its effect on ventricular automaticity, phenytoin is contraindicated in sinus bradycardia, 
sino-atrial block, second and third degree A-V block, and patients with Adams-Stokes syndrome. 
WARNINGS: Parenteral: Intravenous administration should not exceed 50 mg per minute in adults. 
In neonates, the drug should be administered at a rate not exceeding 1-3 mg/kg/min. 

Severe cardiotoxic reactions and fatalities have been reported with atrial and ventricular conduction depression 
and ventricular fibrillation. Severe complications are most commonly encountered in elderly or gravely ill patients. 
Phenytoin should be used with caution in patients with hypotension and severe myocardial insufficiency. 

Hypotension usually occurs when the drug is administered rapidly by the intravenous route. 

The intramuscular route is not recommended for the treatment of status epilepticus since blood levels of 
phenytoin in the therapeutic range cannot be readily achieved with doses and methods of administration ordinarily 
employed. 

Oral: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status epilepticus. When, in the 
judgment of the clinician, the need for dosage reduction, discontinuation, or substitution of alternative antiepileptic 
medication arises, this should be done gradually. However, in the event of an allergic or hypersensitivity reaction, 
rapid substitution of alternative therapy may be necessary. In this case, alternative therapy should be an 
antiepileptic drug not belonging to the hydantoin chemical class. 

Parenteral and Oral: There have been a number of reports suggesting a relationship between phenytoin and 
the development of lymphadenopathy (local or generalized) including benign lymph node hyperplasia, 
pseudolymphoma, lymphoma, and Hodgkin's Disease. Although 
a Cause and effect relationship has not been established, the 
occurrence of lymphadenopathy indicates the need to 
differentiate such a condition from other types of lymph node 
pathology. Lymph node involvement may occur with or without 
symptoms and signs resembling serum sickness eg, fever, rash 
and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an 
extended period is indicated and every effort should be made to 
achieve seizure contro! using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum 
levels while chronic alcoholic use may decrease serum levels. 
Usage in Pregnancy: Parenteral and Oral: A number of reports 
Suggests an association between the use of antiepileptic drugs by women with epilepsy and a higher incidence 
of birth defects in children born to these women. Data are more extensive with respect to phenytoin and 
phenobarbital, but these are also the most commonly prescribed antiepileptic drugs; less systematic or anecdotal 
reports suggest a possible similar association with the use of all known antiepileptic drugs. 

The reports suggesting a higher incidence of birth defects in children of drug-treated epileptic women cannot be 
regarded as adequate to prove a definite cause and effect relationship. There are intrinsic methodologic problems 
in obtaining adequate data on drug teratogenicity in humans; genetic factors or the epileptic condition itself may be 
more important than drug therapy in leading to birth defects. The great majority of mothers on antiepileptic medication 
deliver normal infants. It is important to note that antiepileptic drugs should not be discontinued in patients in whom 
the drug is administered to prevent major seizures, because of the strong possibility of precipitating status epilepticus 
with attendant hypoxia and threat to life. In individual cases where the severity and frequency of the seizure disorder 
are such that the removal of medication does not pose a serious threat to the patient, discontinuation of the drug may 
be considered prior to and during pregnancy, although it cannot be said with any confidence that even minor seizures 
do not pose some hazard to the developing embryo or fetus. The prescribing physician will wish to weigh these 
considerations in treating or counseling epileptic women of childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft lip/palate and heart mal- 
formations in children of women receiving phenytoin and other antiepileptic drugs, there have more recently been 
reports of a fetal hydantoin syndrome. This consists of prenatal growth deficiency, microcephaly and mental deficiency 
in children born to mothers who have received phenytoin, barbiturates, alcohol, or trimethadione. However, these 
features are all interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose mothers received 
phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, because of altered 
phenytoin absorption or metabolism. Periodic measurement of serum phenytoin levels is particularly valuable 
in the management of a pregnant epileptic patient as a guide to an appropriate adjustment of dosage. However, 
postpartum restoration of the original dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to epileptic mothers 
receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent or correct this defect and has 
been recommended to be given to the mother before delivery and to the neonate after birth. 

PRECAUTIONS: General: Parenteral: The addition of Dilantin solution to intravenous infusion is not recommended 
due to lack of solubility and resultant precipitation. 

Parenteral Dilantin should be injected slowly (not exceeding 50 mg per minute in adults), directly into a large 
vein through a large-gauge needle or intravenous catheter. Each injection of intravenous Dilantin should be followed 
by an injection of sterile saline through the same needle or intravenous catheter to avoid local venous irritation 
due to the alkalinity of the solution. Continuous infusion should be avoided. 

Soft tissue irritation and inflammation has occurred at the site of injection with and without extravasation of 
intravenous phenytoin. Soft tissue irritation may vary from slight tenderness to extensive necrosis, sloughing, 
and in rare instances has led to amputation. Improper administration including subcutaneous or perivascular 
injection should be avoided to help prevent possibility of the above. 

Oral: Osteomalacia has been associated with phenytoin therapy and is considered to be due to phenytoin's 
interference with Vitamin D metabolism. 

Parenteral and Oral: The liver is the chief site of biotransformation of phenytoin; patients with impaired liver 
function, elderly patients, or those who are gravely ill may show early signs of toxicity. 

A small percentage of individuals who have been treated with phenytoin have been shown to metabolize the 
drug slowly. Slow metabolism may be due to limited enzyme availability and lack of induction; it appears to be 
genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens-Johnson 
syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be resumed and alternative 
therapy should be considered. (See Adverse Reactions.) If the rash is of a milder type (measles-like or 
scarlatiniform), therapy may be resumed after the rash has completely disappeared. If the rash recurs upon 
reinstitution of therapy, further phenytoin medication is contraindicated. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been reported. Phenytoin 
may also raise the serum glucose level in diabetic patients. 


Dilantin 
phenytoin 


Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. Appropriate diagnostic 
procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and absence (petit mal) 
seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states referred to as 
“delirium,” “psychosis,” or “encephalopathy,” or rarely irreversible cerebellar dysfunction. Accordingly, at the first 
sign of acute toxicity, plasma levels are recommended. Dose reduction of phenytoin therapy is indicated if plasma 
levels are excessive; if symptoms persist, termination is recommended. (See Warnings) 

Information for Patients: Ora/: Patients taking phenytoin should be advised of the importance of adhering strictly 
to the prescribed dosage regimen, and of informing the physician of any clinical condition in which it is not possible 
to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first seeking the 
physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the development of gingival 
hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Parenteral and Oral: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: Parenteral and Oral: There are many drugs which may increase or decrease phenytoin levels 
or which phenytoin may affect. The most commonly occurring drug interactions are listed below: 1. Drugs which 
may increase phenytoin serum levels include: chloramphenicol, dicumarol, disulfiram, tolbutamide, isoniazid, 
phenylbutazone, acute alcohol intake, salicylates, chlordiazepoxide, phenothiazines, diazepam, estrogens, 
ethosuximide, halothane, methylphenidate, sulfonamides, cimetidine, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, reserpine. 
Moban® brand of Molindone Hydrochloride contains calcium ions which interfere with the absorption of phenytoin. 
Ingestion times of phenytoin and antacid preparations containing calcium should be staggered in patients with 
low serum phenytoin levels to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, valproic acid, 
and sodium valproate. Similarly, the effect of phenytoin on phenobarbital, valproic acid and sodium valproate 
serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in susceptible patients 
and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin include: corticosteroids, coumarin anticoagulants, oral 
contraceptives, quinidine, vitamin D, digitoxin, rifampin, doxycycline, estrogens, furosemide. 

Serum level determinations are especially helpful when possible drug interactions are suspected. 
Drug/Laboratory Test Interactions: Parenteral and Oral: 
Phenytoin may cause decreased serum levels of protein-bound 
iodine (PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may cause 
increased serum levels of glucose, alkaline phosphatase, and 
gamma glutamyl transpeptidase (GGT). 

Carcinogenesis: Parenteral and Oral: See ‘Warnings’ section for 
information on carcinogenesis. 

Pregnancy: Parenteral and Oral: See Warnings 

Nursing Mothers: Parenteral and Oral: Infant breast-feeding is 
not recommended for women taking this drug because phenyt- 
oin appears to be secreted in low concentrations in human milk. 
ADVERSE REACTIONS: Parenteral: The most notable signs of 
toxicity associated with the intravenous use of this drug are cardiovascular collapse and/or central nervous system 
depression. Hypotension does occur when the drug is administered rapidly by the intravenous route. The rate 
of administration is very important; it should not exceed 50 mg per minute in adults, and 1-3 mg/kg/min in 
neonates. At this rate, toxicity should be minimized. 

Cardiovascular: Parenteral: Severe cardiotoxic reactions and fatalities have been reported with atrial and 
ventricular conduction depression and ventricular fibrillation. Severe complications are most commonly 
encountered in elderly or gravely ill patients. 

Injection Site: Parenteral: Local irritation, inflammation, tenderness, necrosis, and sloughing have been reported 
with or without extravasation of intravenous phenytoin. 

Central Nervous System: Parenteral and Oral: The most common manifestations encountered with phenytoin 
therapy are referable to this system and are usually dose-related. These include nystagmus, ataxia, slurred speech, 
decreased coordination and mental confusion. Dizziness, insomnia, transient nervousness, motor twitchings, 
and headaches have also been observed. There have also been rare reports of phenytoin induced dyskinesias, 
including chorea, dystonia, tremor and asterixis, similar to those induced by phenothiazine and other neuroleptic 
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Dec 


1990 
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2-4 


2-4 


14-19 


14-19 


21-27 


1-3 


9-11 


11-14 


22-24 


23-25 


14-16 


CALENDAR OF MEETINGS 


‘‘Pediatric Neurology Update,” Bunts Auditorium, The Cleveland (Ohio) Clinic. Contact The Cleve- 
land Clinic Educational Foundation, Department of Continuing Education, 9500 Euclid Ave, TT31, 
Cleveland, OH 44195-5241; 800-762-8172 (Ohio), 800-762-8173 (outside Ohio). 

German Research Group on Aphasia, Cologne, West Germany. Contact Professor J. N. Petrovici, 
Department of Neurology, Merheim-Hospital, 200 Ostmerheimer Str, D-5000 Cologne 91, West 
Germany. 

‘Clinical Neuroimmunology VI: The State of the Art.” The Knickerbocker Hotel, Chicago, Ill. Con- 
tact The University of Chicago, Center for Continuing Medical Education, 5841 S Maryland Ave, Box 
139, Chicago, IL 60637; (312) 702-1056. 

6econd International Conference on Alzheimer’s and Parkinson’s Diseases, Kyoto, Japan. Contact 
Professor Toshiharu Nagatsu, Department of Biochemistry, Nagoya University School of Medicine, 
Showa-Ku, Nagoya 466, Japan. 

“Frontal Lobe Functioning and Recovery From Injury,” Galveston, Tex. Contact Division of Neuro- 
surgery, The University of Texas Medical Branch, Galveston, TX 77550; (409) 761-2125. 
“Genes, Brain, and Behavior,” planned by the Association for Research in Nervous and Mental 
Disease, cosponsored by the New York Academy of Medicine, Roosevelt Hotel, New York, NY. 
Contact Ivan Bodis-Wollner, MD, Secretary-Treasurer, Association for Research in Nervous 
and Mental Disease, Box 1052, Mount Sinai Hospital, One Gustave L. Levy PI, New York, NY 
10029. 

Molecular Biology of Neuromuscular Diseases, Vienna, Austria. Contact Wiener Medizinische 
Akademie, Alser Strasse 4, A-1090 Wien, Austria. 


12th International Congress of Electroencephalogram and Clinical Neurophysiology, Rio de Janeiro, 
Brazil. Contact 12th International Congress of Electroencephalogram and Clinical Neurophysiolo- 
gy, c/o Congrex do Brasil, Rua de Ouvidor, 60-Groupo 414, 20040 Rio de Janeiro, RJ-Brazil. 
International League Against Epilepsy, Hotel Nacional Convention Centre, Rio de Janeiro, Brazil. 
Contact Congrex SA, R do Ouvidor 60/414, 20040-Rio de Janeiro, Brazil. 

16th Annual Meeting of the Southern Clinical Neurological Society, Cheeca Lodge, Islamorado, Fla. 
Contact Millie F. Walden, Executive Secretary, Southern Clinical Neurological Society, 3425 SW 
Second Ave, Suite 153, Gainesville, FL 32607; (904) 374-6058. 

13th Annual Conference, ‘Neurology for Nonneurologists,”’ Holiday Inn Embarcadero,San Diego, 
Calif. Contact Edith S. Bookstein, Neurology for Nonneurologists, PO Box 2586, La Jolla, CA 92038; 
(619) 454-3212. 

International Conference on Xenon/Computed Tomography of Cerebral Blood Flow, Orlando, Fla. 
Contact Marilyn Marks, Senior Conference Coordinator, 200 Meyran Ave, First Floor, Pittsburgh, 
PA 15213; (412) 624-1023. 

‘Clinical Neurology for Psychiatrists,” sponsored by Albert Einstein College of Medicine-Monte- 
fiore Medical Center, Bahia Mar Resort, Fort Lauderdale, Fla. Contact Office of Continuing Medical 
Education, Albert Einstein College of Medicine-Montefiore Medical Center, 111 E 210 St, Bronx, 
NY 10467; (212) 920-6676. 

Neural Regeneration and Transplantation, Singapore. Contact Dr L. J. Garey, Department of Anat- 
omy, National University of Singapore, Kent Ridge Singapore 0511. 

“The Practicing Physician's Approach to the Difficult Headache Patient,” Wyndham Hotel, Palm 
Springs, Calif. Contact Idell Applebaum, Diamond Headache Clinic, 5252 N. Western Ave, Chica- 
go, IL 60625; (312) 878-5558. 

“Clinical Neurology for Psychiatrists,” sponsored by Albert Einstein College of Medicine-Monte- 
fiore Medical Center, Century Plaza, Los Angeles, Calif. Contact Office of Continuing Medical Ed- 
ucation, Albert Einstein College of Medicine-Montefiore Medical Center, 111 E 210 St, Bronx, NY 
10467; (212) 920-6676. 

23rd Recent Annual Advances in Neurology, Fairmont Hotel, San Francisco, Calif. Contact 
Extended Programs in Medical Education, University of California, Room 569-U, San Francisco, CA 
94143-0742; (415) 476-4251. 
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“Modern Dissection Techniques 


of Bone, Biometals, Bioceramics, and Bioplastics” 
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and spine, including attention to bioplastics and biometals appli- 
cable to neurosurgery. 

OR PERSONNEL—dissection skills to become familiar with the 
applications of power instrumentation; discussion of and participa- 
tion in problem solving, care, and proper maintenance of power 
equipment. 

ENROLLMENT: Fee (USS): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operat- 
ing Room Personnel (RN/CST/PA/Other) 
$250.00. Make check to “Chicago Sympo- 
sium.” Mail to: Midas Rex Institute, 2929 Race 
Street, Fort Worth, Texas 76111. 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal 
letter signed by all authors must accompany this (see “Instructions for Authors”). 


Herald Hemiparesis 


To the Editor.—Dr Fisher’s article 
“Herald Hemiparesis” added a few 
new cases to the literature about a 
phenomenon already recognized and 
reported several times. Dr Fisher cites 
only one reference that is not about 
this problem. In 1983, Liu and 
coworkers! described three patients 
(two who underwent autopsy) that 
presented with dysarthria and unilat- 
eral sensory or motor deficit, and then 
evolved or progressed. The point of 
their article was to call attention to the 
misleading early presentation due to 
basilar artery disease and the later 
progression of deficit. They cited four 
previous reports of cases with such a 
deficit and progression to a locked-in 
state. An additional abstract in 1984? 
reported the frequency of initial uni- 
lateral hemiparesis (15 of 59 brain- 
stem infarctions, of which 10 pro- 
gressed). 

Reports of observations of patients 
are the foundation of clinical knowl- 
edge. I have always thought that a re- 
quirement for their success is that 
they be put in the context of what is 
already known about the condition. It 
seems reasonable to ask authors to 


take this responsibility. 
THOMAS R. PRICE, MD 
Department of Neurology 
University of Maryland Hospital 
22 S Greene St 
Baltimore, MD 21201 


1. Liu J, Tuhrim S, Weinberger J, Song SK, 
Anderson PJ. Premonitory symptoms of stroke in 
evolution to the locked-in state. J Newrol Neuro- 
surg Psychiatry. 1983;46:221-226. 

2. Tuhrim S, Banko M, Price TR. A syndrome 
that predicts worsening in brainstem infarction. 
Neurology. 1984;(suppl 1):165. 


In Reply.—I am obliged to Dr Price for 
bringing to our attention other reports 
that are similar to mine. One explana- 
tion for the oversight is that Index 
Medicus apparently failed to list their 
titles under vertebrobasilar disease. 
No one could be more critical than I of 
those who would use lame excuses 
when they appear to have inadvert- 
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ently and innocently “borrowed from” 
prior works they leave uncited. This 
was not the case here. I have long been 
interested in the occurrence of unilat- 
eral motor and sensory signs as early 
warnings in basilar artery occlusion.'” 
Despite my spreading the word for 30 
years, inperfections persist; hence, the 
current attempt to crystallize a kind of 


clinical syndrome. 
C. MILLER FISHER, MD 
Neurology Service 
Massachusetts General Hospital 
Boston, MA 02114 


1. Fisher CM. The use of anticoagulants in ce- 
rebral thrombosis. Neurology. 1958;8:311-332. 

2. Harrison TR, Resnik WR, Wintrobe MM, eds. 
Principles of Internal Medicine. New York, NY: 
McGraw-Hill International Book Co; 1962:1765. 


Magnesium Sulfate and 
Preeclampsia or Eclampsia 


To the Editor.—We wish to commend 
the ARCHIVES’? for focusing on certain 
controversies regarding the use of 
magnesium sulfate for preeclampsia, 
or frank eclampsia, but have misgiv- 
ings on the manner in which the prob- 
lem was presented. Most importantly, 
the following facts should have been 
noted. In the United States more than 
95% of the women with preeclampsia 
or eclampsia are managed by obstetri- 
cians, including those who are trained 
and certified in the subspecialty of fe- 
tal-maternal medicine. Neurologists 
and internists are mainly consulted for 
“atypical” cases. Thus, it is the Amer- 
ican College of Obstetricians and Gy- 
necologists and the various certifying 
boards that set standards of care for 
the profession, and magnesium sulfate 
is currently standard treatment when 
a women presents with severe pre- 
eclampsia or eclampsia.’ Said other- 
wise, regardless of what appropriate 
future research may reveal, failure to 
treat with magnesium sulfate in 1988 
and 1989 might conceivably expose 
your practitioner to legal problems, 
and this should have been noted to 
your readers. 

A second concern was that both ar- 


ticles gave an incomplete perspective 
of the magnesium-preeclampsia story, 
perhaps reflecting that none of the au- 
thors, pro or con, seem to have been 
involved in focused research in the 
areas discussed. (None were cited in 
the lengthy bibliographies following 
each viewpoint.) The remainder of this 
letter is a very brief outline of our own 
views regarding the use of magnesium 
sulfate in preeclampsia in 1989. 

The pathogenesis of the eclamptic 
fit is poorly understood. There is still 
a mistaken tendency to equate it with 
hypertensive encephalopathy, al- 
though it can arise in a seemingly sta- 
ble patient manifesting only minimal 
blood pressure elevation, whose pres- 
sure has not risen precipitously, and 
who fails to demonstrate any of the 
ophthalmologic or renal signs associ- 
ated with this form of hypertensive 
crisis. For this reason, many physi- 
cians initiate “prophylactic” therapy 
when women with suspected pre- 
eclampsia are in labor, even if premon- 
itory signs are absent. 

In the United States most authori- 
ties use parenterally administered 
magnesium sulfate as standard ther- 
apy, although its successful use has 
been on an empiric basis. Also, while 
its success has been documented in 
several large series (cited in reference 
5), this drug has never undergone a 
definitive controlled trial. One advan- 
tage in using magnesium sulfate is 
that it appears less likely to depress 
the neonate, a problem associated with 
other anticonvulsant therapy, such as 
the diazepams. However, this ques- 
tion, too, requires controlled studies. 

Finally, and as noted by both pro- 
tagonists in your CONTROVERSIES sec- 
tion, magnesium at levels measured in 
treated preeclamptic patients in- 
creased prostacyclin release by cul- 
tured endothelial cells from human 
umbilical veins, while plasma from 
preeclamptic women receiving magne- 
sium sulfate had similar actions.‘ This 
interesting finding requires follow-up 
because of evidence suggesting that 
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the pathogenesis of preeclampsia may 
relate to an imbalance between vasodi- 
lating prostaglandins and vasocon- 


stricting thromboxane.’ 


MARSHALL D. LINDHEIMER, MD 
Departments of Medicine 
and Obstetrics and 
Gynecology 
University of Chicago 
5841 S Maryland Ave 
Chicago, IL 60637 


1. Dinsdale HB. Does magnesium sulfate treat 
eclamptic seizures? Arch Neurol. 1988;45:1360- 
1361. 

2. Kaplan PW, Lesser RP, Fisher RS, Repke JT, 
Haulay DF. No, magnesium sulfate should not be 
used in treating eclamptic seizures. Arch Neurol. 
1988;45:1361-1364. 

8. Hachinski V. Magnesium sulface in the 
treatment of eclampsia. Arch Neurol. 1988; 
45:1364. 

4. Management of preeclampsia. ACOG Tech 
Bull. February 1986,91:1-6. 

5. Lindheimer MD, Katz AI. Preeclampsia: 
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In Reply. — Physicians’ practices 
should not be ruled by fear. Dr Lind- 
heimer, in addition to his well-taken 
scientific points, highlights the legal 
perils of deviating from the American 
College of Obstetricians and Gynecol- 
ogists’ recommendation regarding the 
use of magnesium sulfate. 

Guidelines are only helpful if they 
are allowed to be challenged: “Truth 
has nothing to fear from conflict. Her 
natural weapons are free arguments 
and debate. Errors cease to be danger- 
ous when it is permitted freely to con- 
tradict them.” (Thomas Jefferson, 


First Amendment.) 
VLADIMIR HACHINSKI, MD, FRCPC, DSc( MED) 
Department of Neurology 
University Hospital 
PO Box 5339 
Station A 
London, Ontario, Canada N6A 5A5 


Tangles of Ependyma-Choroid 
Plexus Contain G-Amyloid Protein 
Epitopes and Represent a New 
Form of Amyloid Fiber 


To the Editor.—In a letter to the edi- 
tor in this journal, Wen and colleagues 
state “This is the first demonstration 
that [Biondi ring tangles] contain a £8- 
amyloid protein that forms fibers that 
are morphologically different from 
those of neuritic (senile) plaque and 
congophilic angiopathy amyloid.” 

If we put aside the question of the 
propriety of four investigators pub- 
lishing a scientific observation in a 
letter to the editor rather than in a 
peer-reviewed article, we should be in- 
terested only in the fact that the au- 
thors made such an observation, not 


Arch Neurol—Vol 46, November 1989 


necessarily that it was the “first” ob- 
servation. These comments are not in- 
tended to minimize, or even to judge, 
the potential importance of the con- 
tribution of these authors. However, 
they, like many other authors in the 
biomedical literature, have succumbed 
to the temptation to claim pioneer sta- 
tus. Many assertions of priority in the 
scientific literature are often arcane, if 
not trivial, difficult to verify, and fre- 
quently contradicted (90% of the time 
according to Ingelfinger’). Editors 
should cite Ingelfinger’s editorial’ 
more frequently to authors too eager 
to claim priority when it is so often 
unnecessary and likely to be errone- 
ous. Let posterity decide priority, that 


is, if anybody really cares. 
JOHN Moossy, MD 
Division of Neuropathology 
University of Pittsburgh 
School of Medicine 
Pittsburgh, PA 15261 


1. Wen GY, Rudilli RD, Kim KS, Wisniewski 
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Migraine and Mitral Valve Prolapse 


To the Editor.—Four comments to the 
important article of Rothroch et al on 
migraine and stroke that appeared in 
the ARCHIVES.’ 

The incidence of mitral valve pro- 
lapse in migraine is larger than 6% in 
most reports.’ Given the incidence of 
15% to 25% of migraine in the general 
population, and 5% to 12% of mitral 
valve prolapse, the combined incidence 
would be about 14%. Echocar- 
diography can yield false-negative re- 
sults in up to 22% of cases.’ Further- 
more, we have described a subset of 
migrainous women who have mitral 
valve prolapse in just about 100% of 
cases.‘ This is of more than passing in- 
terest, since propranolol hydrochlo- 
ride (Inderal) is the drug of choice in 
this subgroup.’ 

Doppler studies of the extracranial 
circulation should be preferred to an- 
giography, as the latter becomes less 
and less the “golden rule.’ In addition 
to excellent accuracy’ and lack of 
complications,’ Doppler studies may 
indicate the presence of mitral valve 
prolapse (J. Weinberger, MD, personal 


communication, 1988). 
PETER HERMAN, MD 
Mount Sinai Medical Center 
Anneberg Bldg, Room 213 


One Gustave L. Levy Pl 
New York, NY 10029 
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Single Photon Emission Computed 
Tomography in Alzheimer’s Disease 


To the Editor.—We would like to com- 
ment on the article by Johnson et al! 
that appeared in the April 1988 issue of 
the ARCHIVES.: The authors reported 
that single photon emission computed 
tomography (SPECT) brain imaging 
with iofetamine hydrochloride I 123 
was able to reflect dementia severity in 
patients with Alzheimer’s disease 
(AD). To determine dementia severity, 
they used a global estimate of func- 
tional disability on a 4-point scale. 

Dividing a group of patients with 
AD into several groups based on func- 
tional impairment seems rather arti- 
ficial. The great range of overlap in 
score on the Blessed Dementia Scale’ 
between the four groups (Table 1 in the 
article) seems to support this. In our 
opinion, a comparison of the whole 
spectrum of dementia should be made 
with SPECT abnormalities. Further- 
more, dementia severity was deter- 
mined by estimating functional dis- 
ability, without referring to previous 
ability. We think that the rate of 
decline of mental and other abilities 
has more value in determining demen- 
tia severity. 

Recently, we completed a study us- 
ing SPECT brain imaging in 17 pa- 
tients with a diagnosis of probable 
Alzheimer’s disease.’ The severity of 
dementia was calculated as the sum of 
the estimated premorbid IQ (based on 
level of total education and profession 
or other similar activities) minus 
Wechsler Adult Intelligence Scale-Re- 
vised full-scale IQ plus the difference 
between the estimated premorbid IQ 
and the Wechsler Memory Scale Mem- 
ory Quotient. Regional cerebral blood 
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flow was determined by SPECT with 20 
mCi of technetium Te 99m HM-PAO 
(hexamethyl propyleneamineoxime) 
using a rotating gamma camera. 

We did not find a statistically sig- 
nificant correlation when comparing 
dementia severity with temporopari- 
etal tracer activity (regression analy- 
sis: slope, -—0.00144; significance, 
0.1027). In our study, temporoparietal 
tracer activity did not reflect dementia 
severity. The differences between our 
results and those of Johnson et al! can 
be explained by the use of different ra- 
dioactive tracers, which is unlikely.‘ 
Another possible explanation is the 
use of different methods to determine 
dementia severity. The results of our 
study indicate that one has to be cau- 
tious to see SPECT brain imaging as a 
way to “measure” dementia severity in 
AD. 
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In Reply.—We agree with Dr Haan 
and colleagues that single proton 
emission computed tomography 
(SPECT) brain imaging should not be 
used to estimate dementia severity in 
Alzheimer’s disease (AD). Dementia is 
a clinical diagnosis, and clinical as- 
sessments, including cognitive tests, 
are the appropriate way to measure 
dementia severity. Our report! indi- 
cated that widespread decreases in ce- 
rebral perfusion, especially in the pa- 
rietal region, were characteristic bio- 
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logical correlates of AD. Despite this 
association, we noted that iofetamine 
hydrochloride I 123 (IMP) SPECT may 
be limited in supporting the diagnosis 
of AD and judging dementia severity 
because of modest sensitivity and spe- 
cificity. This latter conclusion must be 
amended somewhat in light of new 
data. We have extended IMP SPECT 
studies to include 58 patients with 
probable AD, and have confirmed our 
initial findings: cerebral perfusion is 
decreased in AD across all stages of 
dementia; the greatest decrements in 
perfusion are in the parietal regions; 
and parietal perfusion impairment 
and dementia severity are signifi- 
cantly correlated. Furthermore, sensi- 
tivity and specificity of AD diagnosis 
in this large set of patients is 88% and 
87%, respectively. The relatively small 
number of subjects studied may ac- 
count for the failure of Dr Haan and 
colleagues to confirm a significant cor- 
relation between the Blessed Demen- 
tia Scale and decreased perfusion in 
the parietal regions. Imprecision in 
measuring cognitive decline may also 
contribute to poor correlation with ce- 
rebral perfusion. Although there is no 
universally accepted method for esti- 
mating cognitive decline, the proposed 
difference scores are often unreliable,’ 
and may not be the best overall mea- 


sure of AD severity. 

K. A. JOHNSON, MD 

B. L. HOLMAN, MD 

T. J. Rosen, MD 

J. S. NAGEL, MD 

J. H. GRowpon, MD 

Department of Neurology 

Massachusetts General Hospital 

Nuclear Magnetic Resonance 
Facility, BK2 

32 Fruit St 

Boston, MA 02114 
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Cerebellar Ataxia 


To the Editor.—I read with interest 
the article by Trouillas et al! in the 
November 1988 issue of the ARCHIVES. 
Their findings, akin to the ones they 
had previously published,? are inter- 
esting and potentially of great signif- 
icance for patients with Friedreich’s 
ataxia, olivopontocerebellar degenera- 
tion, and other degenerative diseases 
affecting the cerebellum. 

Trouillas and coworkers’ findings 
are at variance with a study that we 
performed.’ Inspired by Trouillas and 
coworkers’ previously reported find- 
ings, we sought to corroborate them. 


v. 


Eight patients, four with Friedreich’s 
ataxia, one with sporadic adult-onset 
cerebellar degeneration of the paren- 
chymal (Holmes) type, and one each 
with posttraumatic, postinfectious, 
and multiple sclerosis-related cerebel- 
lar deficits, were administered the 
levorotatory form of 5-hydroxytryp- 
tophan, together with the peripheral 
decarboxylase inhibitor, benserazide, 
in dosages identical to those used by 
Trouillas et al.’ In one case, half that 
dose was used as the higher dose- 
induced psychosis. 

Our findings differ from those of 
Trouillas et al in two respects: (1) there 
was no improvement at all in the 
symptoms; and (2) there were frequent 
side effects. These ranged from frank 
psychosis (3 of 14 patients) to euphoria 
(2 patients) to disabling diarrhea (1 
patient) with a large number of other, 
lesser side effects. 

I do not know how to reconcile our 
findings with those of Trouillas et al. 
We followed exactly the same routine 
of drug administration and of cerebel- 
lar disease examination and scoring as 
they had. They reported symptomatic 
improvement and no significant side 
effects. We found no improvement and 
very disabling, frequent side effects. 
Indeed, the side effects we found had 
been previously noted by others.’ I 
think it would be unwise for the levoro- 
tatory form of 5-hydroxytryptophan to 
be used in patients with degenerative 
and other cerebellar or spinocerebellar 
disease in any setting other than con- 


trolled experimental trials. 
PAVEL KLEIN, MB, BCHIR 
Department of Neurology 
Box 394 
University of Virginia 
Medical Center 
Charlottesville, VA 22908 
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Primary Lateral Sclerosis 


To the Editor.—In their article, 
“Primary Lateral Sclerosis: A Clinical 
Diagnosis Reemerges,”! Younger et al 
cite our article on the use of trimodal 
evoked potentials in the diagnosis of 
multiple sclerosis.2 Their statement 
that our study was “restricted to cases 
of clinically definite MS” is in error. In 


Letters to the Editor 





fact, of the 26 patients we studied, 23 
did not have sufficient findings to per- 
mit the diagnosis of multiple sclerosis 
to be made solely on.a clinical basis, 
and these patients were classified as 
having possible or suspected multiple 
sclerosis. 

The point of our article was to dem- 
onstrate the sensitivity and utility of 
evoked potentials in establishing the 
presence of clinically silent lesions in 
patients whose physical examination 
does not support the diagnosis of clin- 


ically definite multiple sclerosis. 
BARBARA S. GIESSER, MD 
Department of Neurology 
Albert Einstein College of Medicine 
1300 Morris Park Ave 
Bronx, NY 10461 
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A Neurological Double Entente 


To the Editor.—Joseph François Ba- 
binski (1857-1932), who “recognized 
the muscle spindle for what it was, 
distinguished neuropathic from myo- 
pathic muscle lesions [and] recognized 
the hallmarks of the muscular 
dystrophies,”! is best remembered, 
however, for the clinical sign that 
bears his name.'? While Mademoiselle 


~ CECI 
EST Mon CYGNE — 





le Decteur BABINSER! 


Caricature by Georges Villa (1911)? (Ceci Est 
Mon Cygne [This Is My Swan)). 
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Dejerine claimed that Alfred Vulpian 
(1826-1887) had previously pointed out 
to her the extension of the great toe in 
paraplegics,’ it was undoubtedly Ba- 
binski who first realized its clinical 
significance. He described two compo- 
nents of the complete response, 
namely the dorsiflexion of the great toe 
(“le phénomène des orteils”** [“phe- 
nomenon of the toes” ]) and the spread- 
ing of the toes (“le signe de 
l’eventail’®’ [“sign of the fan”]). 

The accompanying caricature’ 
(Figure) was shown as part of a recent 
exhibition at the Musée de l’ Assistance 
Publique in Paris, France. The artist, 
Georges Villa (born in Montmédy, 
France, in 1883, and a popular satirist 
of the day’), shared the concern of his 
countrymen for the military matters 
(as engendered by the occupation of 
Lorraine), this being reflected in Ba- 
binski’s rather curious uniform. 
Drawn in 1911, the caricature even 
shows his celebrated tendon hammer 
(still called the “marteau de Babinski” 
in France) being carried on asling. The 
humor of the drawing relies on the lik- 
ening of the plantar response to the 
neck and wings of a swan, the French 
nouns “cygne” and “signe” being for- 
tuitously homophonous—a pleasing 
double entente.'° 

BRYAN D. YouL, MB, BS, BMEDSc (MELB) 
Institute of Neurology 


Queen Square 
London WCIN 3BG, England 


I thank Madame Nadine Simon-Dhouailly, Con- 
servateur du Musée de |’Assistance Publique, for 
allowing publication of the illustration, and the 
Department of Medical Illustration, University of 
New South Wales (Australia) for its reproduc- 
tion. 
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Use of Methylprednisolone 
in Epidural Analgesia 


To the Editor.—The warnings of meth- 
ylprednisolone use in epidural analge- 
sia by Dr Nelson’ raises important is- 
sues for physicians caring for patients 
with chronic low-back pain. As he 
noted, there is no doubt that polyeth- 
ylene glycol is neurotoxic, and is the 
likely cause for sterile meningitis 
when methylprednisolone is injected 
in the subarachnoid space. It is note- 
worthy that corticosteroids have not 
been approved for intrathecal use by 
the Food and Drug Administration. 
The package insert for methylpred- 
nisolone acetate (Depomedrol, Up- 
john) states “not recommended” for 
subarachnoid injection. 

A large body of clinical experience 
suggests the use of local anesthetics 
and steroids in the epidural space is a 
safe and effective treatment for the 
conservative management of low back 
pain in which there is reasonable evi- 
dence that inflammation of nerve roots 
is the cause of the symptoms. Two ste- 
roids, methylprednisolone acetate, 40 
to 80 mg (Depomedrol, Upjohn), and 
triamcinolone diacetate (Aristocort 
Intralesional, Lederle), are the ones 
used by most anesthesiologists in epi- 
dural analgesia. In addition to the in- 
formation cited by Dr Nelson, periph- 
eral nerve damage without clinical 
signs of neural impairment has been 
described following multiple injec- 
tions of methylprednisolone in an an- 
imal model.? We can only report anec- 
dotally of no complications that could 
be attributed to anything other than 
technical difficulty with placement of 
the epidural in a large number of our 
pain clinic patients where 40 to 80 mg 
of methylprednisolone is usually 
given. Prompted by Dr Nelson’s arti- 
cle, we contacted manufacturers and 
reviewed the contents of all methyl- 
prednisolone acetate products avail- 
able in the United States. There are 24 
manufacturers, and every product cur- 
rently available has polyethylene gly- 
col as an additive to the preparation. 
Triamcinolone diacetate, an alterna- 
tive to methylprednisolone, also con- 
tains polyethylene glycol as a solubi- 
lizing agent. 

GARY HAYNES, PHD, MD 
MELINDA K. BAILEY, MD 
SHARON DAVIS, PHARMD 
JOHN E. MAHAFFEY, MD 
Departments of Anesthesiology and 


Pharmacy Services 


Medical University of South Carolina 
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Charleston, SC 29425-2207 
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Migraineur vs Migraineuse 


To the Editor.—The controversy in the 
“Letters to the Editor” section in the 
ARCHIVES in which Dr Leviton defends 
his use of migraineur for a female pa- 
tient against Dr Jonas’ suggestion of 
the correct use migraineuse concerns 
the problems I have also had with that 
phony pseudo-French term: it also 
goes against my grain. The truth is 
that you will find migraineur in no 
French dictionary: it is an English in- 
vention. The Oxford English Dictio- 
nary Supplement, on the other hand, 
traces the word to the London Times of 
January 25, 1971. The French ending 
-eur refers to a doer, not to a sufferer, 
eg, as in voleur—the female is indeed 
une voleuse. But the French may use 
their adjective migraineux, mi- 
graineuse as substantives. While I 
sympathize with Dr Jonas’ offended 
ear, I would find it a little hard to sup- 
port a solution suggesting the honest 
but demeaning English use of mi- 


grainer or migrainor. 

FRANCIS SCHILLER, MD 

Department of History of 
Health Sciences 

University of California at 
San Francisco 

Box 0726 

San Francisco, CA 94143 
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Hereditary Cerebral Arteriovenous 
Malformations 


To the Editor.—It was with great in- 
terest that I read the recently pub- 
lished article by Allard et al.' On 
review of the magnetic resonance im- 
aging pictures shown in the article, 
however, I could not help but notice 
that the appearance of the displayed 
malformations resembles that of cav- 
ernous angiomas. Such appearance (a 
central core of mixed intensity sur- 
rounded by an area of hypointensity) 
has been previously described in asso- 
ciation with families showing cavern- 
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ous angiomas (cavernous malfor- 
mations).’ I suggest that it is possible 
that the family described by Allard 
and collaborators is actually afflicted 
by this type of congenital vascular 
anomaly, rather than by arteriovenous 
malformations. Cavernous angiomas 
are more frequently found in families, 
and are particularly inherited in a 
dominant pattern. 

I would also suggest, as an addi- 
tional tool in the differentiation be- 
tween these two types of congenital 
anomalies, examination by transcra- 
nial Doppler ultrasound. We have re- 
cently encountered a similar diagnos- 
tic problem and found that the trans- 
cranial Doppler ultrasound is useful in 
complementing the magnetic reso- 
nance imaging findings,’ especially 
since the differentiation between these 
two vascular anomalies has some im- 
portance, as it carries different prog- 


nostic and therapeutic implications. 
CAMILO R. GOMEZ, MD 
Department of Neurology 
St Louis University Medical Center 
3660 Vista Ave, Room 303 
St Louis, MO 63110 
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Primary Lateral Sclerosis 


To the Editor.—It was with great in- 
terest that we read the report by 
Younger et al about primary lateral 
sclerosis in the December 1988 issue of 
the ARCHIVES.) The report contains 
several interesting points; however, we 
would like to make some comments 
that might be of value during the 
diagnostic workup in this group of pa- 
tients. The group of patients with pri- 
mary lateral sclerosis described by 
Younger et al is heterogeneous, and 
includes cases with lung cancer, lower 
motor neuron affection, and human 
immunodeficiency virus seropositivity. 
We have recently described a patient 


presenting with slowly progressive 
gait disturbance evolving over 14 
months and signs restricted to upper 
motor neurons (“corticospinal tract 
signs”). Results of myelography, com- 
puted tomographic scans of the brain 
and spine, electromyography, and 
evoked potentials were all normal, as 
were extensive microbiological test- 
ings, including syphilis serology. How- 
ever, the cerebrospinal fluid contained 
high levels of antibodies against Bor- 
relia burgdorferi. The patient was 
chairbound at admission and was 
treated with benzylpenicillin; clinical 
recovery was complete. Plantar re- 
sponses remained extensor at follow- 
up. 

Our case is worth mentioning since 
(1) it describes a treatable cause of 
primary lateral sclerosis and, thus, the 
search for B burgdorferi infection 
should be included in the investigation 
of patients with the primary lateral 
sclerosis syndrome; (2) several micro- 
organisms like Treponema pallidum, 
human immunodeficiency virus, hu- 
man T-cell lymphotropic virus, and, 
now, B burgdorferi have been men- 
tioned as possible etiologic agents of 
primary lateral sclerosis. The prompt 
effect of antibiotic therapy in our case 
indicates the presence of the microor- 
ganism in the patient. This raises the 
interesting question whether there ex- 
ists a selective and direct neurotro- 
pism of the microorganism to the up- 
per motor neurons, or whether the af- 
fection of the upper motor neurons isa 
secondary phenomenon, ie, mediated 
by neurotoxic factors. Further eluci- 
dation of the obvious vulnerability of 
the upper motor neurons by, for exam- 
ple, analysis of genetic factors like 
HLA pattern or cell-to-cell interac- 
tions between immune cells and neu- 


rons, is important. 
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Electrocardiographic Changes During 
Electrographic Seizures 


Marshall J. Keilson, MD; W. Allen Hauser, MD; Jason P. Magrill 


èe The occurrence of high-risk cardiac 
arrhythmias during electrographic sei- 
zures has been proposed as a possible 
cause for sudden unexpected death in pa- 
tients with epilepsy. Several anecdotal 
case reports have documented various 
cardiac irregularities during seizures. We 
reviewed simultaneous 24-hour electro- 
encephalographic - electrocardiographic 
studies obtained by ambulatory cassette 
electroencephalography in 45 patients 
who experienced 106 electrographic sei- 
zures. An increase in heart rate was seen 
in 96% of seizures, while in four seizures, 
the rate was unchanged. Heart rate in- 
crease measured from 1 minute preictally 
to intraictal peak ranged from 0% to 160% 
(mean, 60%). The onset of tachycardia 
was usually within several seconds (be- 
fore or after) of the seizure onset, and of- 
ten persisted for several minutes after 
termination of the discharge. No differ- 
ence was found in patients with lateralized 
vs generalized seizures. Neither ventricu- 
lar ectopia, conduction defects, or brady- 
cardia were observed during the ictal ep- 
isodes. We conclude that ictal tachycardia 
is the rule during electrographic seizures, 
and that high-risk cardiac arrhythmias are 
uncommon. 

(Arch Neurol. 1989;46:1169-1170) 


The complex interaction between the 

brain and heart rhythm has been 
recognized for over a century.’ This 
relationship has been the subject of 
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much recent investigation.™ In partic- 
ular, the occurrence of high-risk car- 
diac arrhythmias during electro- 
graphic seizures has been proposed as 
a possible cause for sudden, unex- 
pected, unexplained death in patients 
with epilepsy. Several studies of pa- 
tients and anecdotal case reports sug- 
gest this association.*'' The recent de- 
velopment of ambulatory cassette 
electroencephalography (A EEG) tech- 
nology has facilitated the widespread 
availability of simultaneous EEG- 
electrocardiographic (ECG) monitor- 
ing for prolonged periods. In a previous 
article, we demonstrated that the inci- 
dence of interictal high-risk cardiac 
arrhythmias in patients with epilepsy 
was not greater than that in the gen- 
eral population.” This initial study of 
338 patients was expanded to include 
754 patients, and the results were sim- 
ilar. Presently, we report on the inci- 
dence and types of cardiac distur- 
bances seen during electrographic sei- 
zures. 


PATIENTS AND METHODS 


Forty-five patients, aged 4 to 69 years 
(mean, 25.3 years) experienced 106 electro- 
graphic seizures while being monitored as 
outpatients with 8-channel AEEG. In all 
patients, channel 8 was dedicated to ECG. 
Electroencephalographic studies were re- 
viewed by a board-certified electroenceph- 
alographer, using the Oxford Medilog-9000 
scanning machine. The ECG channel was 
analyzed separately by a trained Holter 
technician and reviewed with a consultant 
cardiologist. 

Only electrographic seizures, lateralized 
and generalized, of at least 30 seconds du- 
ration were included. Seizures consisting of 
generalized 3-Hz spike and wave were ex- 
cluded. Heart rate was measured 1 minute 
prior to the ictus and at the peak intraictal 
rate. Coincident arrhythmias, if any, were 
analyzed. 
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RESULTS 


The results are seen in Tables 1 and 
2. Most seizures were associated with 
an increase in heart rate (102/106, 
96% ), while the rate was unchanged in 
only four seizures. Ictal tachycardia of 
more than 100 beats per minute was 
seen in 93% of seizures; more than 120 
beats per minute in 76%, and more 
than 150 beats per minute in 48%. 
Asystole and bradycardia were not 
found. The average percent increase in 
heart rate was 60%, though it varied 
from 0% to 160%. Forty-one seizures 
were lateralized, 21 on the right side 
and 20 on the left side, with an average 


Table 1.—Percent Heart Rate 
Increase (Baseline to Peak) 


% Increase Number 


Change 
in Heart 
Rate 
Decrease 

in heart 
rate 
No change 
Increase 
in heart 
rate 
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percent increase of 56% and 50%, re- 
spectively. For 65 generalized seizures, 
the figure was 64%. Acceleration of the 
cardiac rate generally began within 
several seconds of the identified sei- 
zure onset (before or after), and usu- 
ally persisted until seizure completion 
or, in some cases, for several minutes 
thereafter. No ventricular ectopia or 
conduction defects were noted. 


COMMENT 


Changes in cardiac rhythm have 
been reported during both experimen- 
tally induced and spontaneous electro- 
graphic seizures. In some cases a de- 
crease in heart rate or sinus arrest is 
found,*'°!>!* while others report vari- 
ous atrial or ventricular arrhyth- 
mias.”''!>'8 Increased heart rate tem- 
porally associated with the electro- 
graphic seizure is the most common 
finding in clinical and experimental 
settings.’ 

In 1958, Van Buren” simultaneously 
monitored 20 temporal lobe seizures, 
spontaneous and induced, noting the 
rapid onset of tachycardia in 19 sei- 
zures. Only one seizure was associated 
with bradycardia. The relationship be- 
tween the onset of tachycardia and the 
electrographic seizure was variable.”? 
Our experience is in agreement with 
this observation that tachycardia can 
precede, begin simultaneously with, or 
follow the apparent seizure onset. 

In a report from 1939, Erickson" an- 
alyzed 54 seizures, spontaneous and 
induced, with simultaneous monitor- 
ing. He concluded that “heart rate 
during an epileptic seizure may show 
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no change or may show acceleration.” 
Asystole was not detected, nor were 
any arrhythmias noted. 

In studies of pentylenetetrazol-in- 
duced seizures in humans, some found 
increased heart rates and arrhyth- 
mias, while others detected exclusively 
sinus or supraventricular tachycar- 
dias. Further description of the types 
and extent of arrhythmias is not pro- 
vided in these reports.!!!734 

A report from the Mayo Clinic 
(Rochester, Minn) on 12 consecutive 
patients with simultaneous video and 
KEG/ECG-monitored temporal lobe 
seizures describes ictal tachycardia 
during every event.” In a recent article 
by Rossi and Rossi,” 75 partial seizures 
were detected, including some with 
implanted electrodes, in 14 patients 
being evaluated for epilepsy surgery. 
Their results show an increase in heart 
rate in 41 patients (54.6%). In those 
patients studied with stereo EEG, the 
relationship between seizure and ta- 
chycardia onset varied, though in just 
over half (12/22) the ictal discharge 
preceded heart rate change by several 
seconds. They also observed that the 
site of the epileptic focus could not re- 
liably predict the type of autonomic 
response.” 

Blumhardt and coworkers!’ re- 
corded 74 electrographic seizures in 25 
patients with simultaneous EEG/ 
ECG. Ictal tachycardia was found in 
over 90%, and increased ventricular 
ectopia in only three patients. They de- 
scribe ictal “arrhythmias” in eight pa- 
tients (31% ) consisting of irregular ac- 
celerations and decelerations in heart 
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The Importance of the Electrocardiogram in 


Ambulatory Electroencephalographic Recordings 


Unto Nousiainen, MD; Esa Mervaala, MD; Aarne Ylinen, MD; Matti Uusitupa, MD; Paavo Riekkinen, MD 


@ The role of an ambulatory electroen- 
cephalogram performed simultaneously 
with an electrocardiogram was studied in 
861 neurologic inpatients. In total, 123 
patients (14%) had interictal cardiac 
rhythm abnormalities, and 31 (4%) had 
neurologic symptoms considered to be of 
cardiac origin. The occurrence of cardiac 
arrhythmias was related to medical history 
of cardiovascular disease, but not to or- 
ganic cerebral disorders. The ictal in- 
crease of heart rate was significantly 
higher and more abrupt in epileptic sei- 
zures than in psychogenic attacks. The ic- 
tal electroencephalogram/ electrocardio- 
gram may thus be applicable to the differ- 
ential diagnosis between the epileptic and 
psychogenic seizures. 

(Arch Neurol. 1989;46:117 1-1174) 


The differential diagnosis between 

primarily cerebral and cardiogenic 
symptomatic attacks is sometimes dif- 
ficult. Cerebral hypoxia due to cardiac 
arrhythmias may cause epileptiform 
attacks.'* Atrioventricular block,** the 
long QT syndrome,'’ and ventricular 
flutter and fibrillation? have been de- 
scribed to result in motor manifesta- 
tions resembling tonoclonic seizures. 
Moreover, a sinus arrest lasting more 
than 4 seconds, bradycardia (heart rate 
less than 40 beats per minute), as well 
as tachyarrhythmias (heart rate over 
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150 beats per minute), may produce 
cerebral symptoms.’ Even though the 
diagnosis of an epileptic seizure seems 
to be clinically unequivocal, cardiac 
arrhythmia, as a causal factor of the 
attacks, cannot always be excluded.'*"! 
On the other hand, primarily epileptic 
seizures may produce abnormalities in 
responses of autonomic nervous sys- 
tem and cardiac rhythm.’?” 

Portable cassette recorders have 
provided the possibility of recording 
long-term electroencephalograms 
(EEGs) or electrocardiograms (ECGs) 
without limiting the patients’ normal 
physical activity or daily routine. Most 
studies on the differential diagnosis 
between cerebral and cardiac symp- 
toms have been derived from Holter 
monitorings,***** whereas simulta- 
neous EEG and ECG recordings are 
confined almost exclusively to case 
reports.®?316-19 

The aim of the present study was to 
examine (1) the overall value of an 
ambulatory EEG/ECG and (2) the fre- 
quency and type of cardiac rhythm ab- 
normalities in 861 consecutive neuro- 
logic inpatients referred to ambula- 
tory EEG/ECG due to transient 
neurologic symptoms of suspected ce- 
rebral or cardiac origin. 


PATIENTS AND METHODS 
Patients 


Since 1983, a total of 861 patients have 
been studied with ambulatory EEG/ECG 
recordings in Vaajasalo Hospital (National 
Epilepsy Center of Finland), Kuopio, Fin- 
land. The patients were recorded due to re- 
peated neurologic symptoms (eg, attacks 
with loss of consciousness, convulsions, ver- 
tigo, or transient ischemic attacks [TIAs)). 
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Patients referred directly for cardiac ex- 
aminations were not included. Physical and 
neurologic examination was made by a 
neurologist. Routine investigations in- 
cluded computed tomographic scans, labo- 
ratory tests of serum electrolytes (sodium, 
potassium, and calcium) and blood glucose, 
routine EEGs, and a resting 12-lead ECG. 
In epileptic patients the serum concentra- 
tions of antiepileptics were monitored 
routinely. Electroencephalographic-video- 
telemetry was used when necessary.” Sub- 
jects with cardiovascular or endocrinologic 
symptoms and signs were examined by an 
internist. A cardiac cause for the symptoms 
was defined on the basis of medical history; 
clinical and laboratory investigations, in- 
cluding EEG/ECG; or response to treat- 
ment. 


Recording Method 


The ambulatory EEG/ECGs were ob- 
tained either with 4-channel (28%) or 8- 
channel (72% ) ambulatory cassette record- 
ers (Oxford [England] Medilog) under hos- 
pital conditions. One channel was used for 
ECG recording at the modified positions of 
V, and V, two (F,-T,; and F,-T,) or seven 
(F,-T,, T,-T,, F,-C,, F,-T;, T;-T;, F3-C;, and 
C,-O,) channels recorded EEG, and the re- 
maining channel carried an accurate 50-Hz 
time clock and event-marker. Symptoms 
and normal daily activities of the patients 
were recorded with a diary. A complete re- 
cording lasting at least 24 hours was ob- 
tained from all 861 patients. Seven patients 
(0.8% ) were excluded from the study due to 
a technically unsatisfactory recording. 


Data Analysis 


The tapes were analyzed visually at the 
speed of 20 to 60 times real time throughout 
the first 24 hours. In extended recordings, 
only the ictal epochs were analyzed. All ic- 
tal events, interictal ECG arrhythmias, or 
any indistinct periods on the tapes were 
screened at 20 times real time or were doc- 
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Table 1.—Medical History of the Patients (n = 123) With Interictal Electrocardiogram Abnormalities by Age and Sex 





No. of Patients 
wr --—*=—, 





Medical History Men Women 
Cardiovascular disease (57) 64 + 11 (34-87) 63 + 10 (39-82) 
Diabetes (3) 55 + 7 (50-60) 71 + 16 (60-82) 


2 
2 
1 
2 


4 = 
Organic cerebral cause 5 (68) 61 + 12 (38-87) 61 + 14 (20-82) 
Epilepsy 3 46 (37) 57 + 15 (33-81) 55 + 19 (20-82) 


* Range is given in parentheses. 


umented as printouts with a 10-channel 
EEG machine (Enku, Amsterdam, the 
Netherlands). Cardiac arrhythmias were 
classified as follows: (I) single (<10/h) ex- 
trasystoles, (II) multiple (>10/h, or alter- 
nate extrasystoles) supraventricular or 
ventricular extrasystoles, (III) multiform 
(multifocal or pair of extrasystoles) ven- 
tricular extrasystoles or short ventricular 
tachycardia, (IV) paroxysmal supraven- 
tricular tachycardia or atrial fibrillation, 
(V) accelerated ventricular rhythm, and 
(VI) atrioventricular block of the first, sec- 
ond, or third degree. 


Statistical Methods 


One-tailed Mann-Whitney U test and x? 
test were used for statistical analysis of the 
results. 


RESULTS 


The medical history of the patients 
with interictal ECG abnormalities ob- 
tained during ambulatory EEG/ECG 
recording is shown in Table 1. Cardio- 
vascular disease included patients 
with coronary heart disease (34%), 
hypertension (23%), heart failure 
(18%), and cardiomyopathy and val- 
vular heart disease (6% ). Organic ce- 
rebral etiology included patients with 
cerebral infarctions (45% ), cortical or 
central atrophy by computed tomo- 
graphic scan (30%), TIA (25%), and 
cerebral hemorrhage (5% ). 

Interictal cardiac rhythm abnor- 
malities were found in 123 (14% ) of the 
861 patients studied (Table 2). Single 
or multiple supraventricular or ven- 
tricular extrasystoles (I, II) were 
found in 87 patients (53 men, 34 
women), while more severe cardiac ar- 
rhythmias (III, IV, V, and VI) occurred 
in 36 subjects (18 men, 18 women). Pa- 
tients with a cardiovascular disease 
had more frequently clinically signifi- 
cant cardiac rhythm disturbances (ar- 
rhythmias classified as III to VI) than 
those without a coexisting cardiovas- 
cular disease (x? = 7.88; P < .01). Eval- 
uation of the origin of the neurologic 
symptoms in all patients with interic- 
tal cardiac rhythm abnormalities 
(n = 123) showed that 92 patients 
(75% ) were considered to suffer from 
primarily cerebral or nonorganic 
symptoms, while 31 subjects (25%) 
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Total, No. (%) 

28 70 

2 4 

33 84 
14 





Mean + SD, Age, y* 


A  , 


Men Women 


Table 2.—Interictal Cardiac Rhythm Abnormalities in Patients (N = 861) With Transient 


Neurological Symptoms 





Type of Cardiac Abnormalities 


ll Multiple supraventricular or ventricular 


No. of Patients 
—oooOoOCOCOCOCOCOC "=" 


M Women Total, No. (%) 


en 
| Single supraventricular or ventricular 
extrasystoles 35 21 56 (46) 
18 13 


extrasystoles 

Ill Multiform ventricular extrasystoles or short 
ventricular tachycardia 

IV Paroxysmal supraventricular tachycardia 
or atrial fibrillation 


31 (26) 
10 { 17 (13) 


8 17 (13) 


VI Sinus arrest with asystole 1 (1) 


9 

V Accelerated ventricular rhythm ; 1 1 (1) 
p 1 
2 


Total 71 5 123 (100) 





Type and 
No. of 
Seizures 


Epileptic, 11 
Psychogenic, 47 





Table 3.—Ictal Heart Rates (Beats per Minute) in Patients With Epileptic (n = 3) or 
Psychogenic (n = 10) Seizures 


Mean (+ SD) 
Maximum HR* 
140 + 17 (105-162) 
91 + 21 (60-135)ł 







Mean (+ SD) 
Increase of HR 


62 + 15 (35-72) 
9+8 (0-41)ł 











*Range is given in parentheses. Statistical analysis has been made by comparing the patients with 
psychogenic seizures to those with epileptic seizures. HR indicates heart rate. 


tP < .001 (Mann-Whitney U test). 


had symptoms suggestive of a prima- 
rily cardiogenic origin. Nineteen of 
these 31 patients had a medical history 
suggestive of cardiac arrhythmias. 
Twelve patients had a history of ver- 
tigo (n = 4), suspected epileptic (n = 3) 
or psychogenic (n = 1) attacks, TIA 
(n = 2), and attacks with loss of con- 
sciousness (n = 2). 

Five of 861 patients studied (4 fe- 
males, 1 male) had symptomatic at- 
tacks associated temporarily with 
cardiac rhythm disturbances. Three 
subjects (2 females, 1 male) had symp- 
toms with multiple and alternate ven- 
tricular extrasystoles on ECG. Interic- 
tally they had single or multiple ex- 
trasystoles. One female had periods of 
paroxysmal supraventricular tachy- 
cardia that she, at times, experienced 
as a symptomatic attack. Another fe- 
male with a history of suspected psy- 
chogenic attacks had a sinus arrest 
with asystole. When the sinus arrest 
lasted more than 4 seconds the patient 


had her habitual attack (dizziness and 
palpitation). 

Three female patients exhibited ei- 
ther complex partial seizures or sec- 
ondarily generalized tonoclonic con- 
vulsions. Psychogenic attacks were 
found in 10 patients; 4 of them also had 
proven epilepsy. The ictal increase of 
heart rate and sinus tachycardia was 
significantly more abrupt and promi- 
nent during the epileptic than the psy- 
chogenic attacks (Table 3, Figure). In 
patients with psychogenic symptoms 
the heart rate recovered rapidly (ie, 
within 1 minute), while in epileptic 
seizures, the baseline heart rate found 
prior to the ictal event was not 
achieved within the follow-up of 2 
minutes (Figure). One patient had an 
abrupt bradycardia (heart rate change 
from 150 beats per minute to 40 to 45 
beats per minute) at the onset of her 
epileptic seizures, followed occasion- 
ally by single or multiple ventricular 
extrasystoles or atrial fibrillation. 
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Epileptic Seizures 
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Psychogenic Seizures 


Time, min 





ictal heart rate changes (mean + SD) in generalized tonoclonic seizures (7 seizures in 3 patients) 
and psychogenic seizures (27 seizures in 7 patients) recorded with ambulatory 8-channel recorder 
(Oxford). The zero point indicates the maximum heart rate associated with ictal events. The ictal 
heart rate values have been compared with the mean preictal baseline (values from 1 to 2 minutes 


prior to the ictal event) (Mann-Whitney U test). 


COMMENT 


From a clinical point of view, our 
study demonstrates four significant 
observations: (1) Medical history of the 
neurologic patients is an important 
factor predicting the occurrence of 
symptomatic cardiac arrhythmias. (2) 
Most of the interictal cardiac rhythm 
abnormalities (75% of the patients) 
are asymptomatic, and thus benign in 
nature. (3) Ictal heart rate changes 
may have practical value in differen- 
tial diagnosis between the epileptic 
and the psychogenic attacks. (4) Elec- 
trocardiogram is recommended to be 
included routinely in the ambulatory 
EEG recordings. 

The prevalence of interictal cardiac 
arrhythmias in 123 (14%) of the 861 
patients studied is in good agreement 
with that found in nonepileptic 
(13.3%) and epileptic (5% ) patients.” 
According to ictal and interictal am- 
bulatory EEG/ECG findings, 31 pa- 
tients (4%) were considered to have a 
cardiac cause for their symptoms. 
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Previous studies with Holter moni- 
toring’*”*83!32 have shown that the re- 
lationship of cardiac arrhythmias to 
cerebral symptoms (eg, syncope, dizzi- 
ness) is higher but very variable (from 
9% to 55% ), depending on the patient 
population. The difference between our 
results and those reported previously 
could be explained by the fact that the 
subjects in this study were nonselected 
neurologic patients. Silent (asymp- 
tomatic) arrhythmias are frequent, as 
was also found in our study, and in the 
follow-up silent arrhythmias have 
been shown to be harmless in the ma- 
jority of cases.?>?73>3 

All five of our patients with symp- 
tomatic attacks temporarily related to 
cardiac arrhythmias had similar ECG 
abnormalities interictally. In three of 
the subjects, a cardiogenic cause for 
the attacks was unlikely on the basis of 
their medical history or clinical symp- 
toms alone. However, 19 (61%) of 31 
“cardiac” patients had a medical his- 
tory or physical findings clinically sug- 
gestive of cardiac rhythm abnormali- 
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ties. Also the interictal cardiac ar- 
rhythmias were related significantly 
(P < .01) to a coexisting cardiovascu- 
lar disease, but not, for example, to 
epilepsy or other organic cerebral dis- 
orders. Thus, our results do not con- 
firm the previous observation that the 
concurrence between the symptoms 
and cardiac rhythm abnormalities is 
poor and that there are no particular 
clinical features predicting the occur- 
rence of cardiac arrhythmias.'*"’ 

Ictal tachycardia occurs almost in- 
variably in complex partial seizures of 
temporal lobe origin.'*'’ An increased 
heart rate during the epileptic seizures 
was also seen in our study, the mean 
increase (difference between the base- 
line and the maximum heart rate) be- 
ing seven times higher in epileptic sei- 
zures than in psychogenic attacks. An 
abrupt change in cardiac rhythm was 
characteristically caused by the epi- 
leptic seizures. In contrast, psy- 
chogenic attacks were associated with 
(1) a mild and gradual increase in 
heart rate, followed by a rapid return 
to baseline, or (2) no distinct changes 
in heart rate. An abrupt increase in 
heart rate during a seizure may have 
practical implications for differential 
diagnosis between patients with true 
epileptic seizures and psychogenic at- 
tacks in those cases where the ictal 
scalp EEG is negative or is obscured by 
artifact. 

Simultaneous EEG and ECG record- 
ings during the symptomatic attacks 
are sometimes the only reliable way to 
enter the correct diagnosis between 
the cerebral, cardiac, or psychogenic 
causes.” In this study, one epileptic 
patient had an abrupt ictal bradycar- 
dia caused by primarily cerebral epi- 
leptic discharges. Although the num- 
ber of such patients is also low in other 
reports,'*"*! it is important to recog- 
nize these patients and try to treat 
them adequately in order to avoid the 
life-threatening cardiac arrhythmias 
associated with epileptic seizures.” 
Therefore, due to the lack of simulta- 
neous EEG, Holter studies cannot ex- 
clude the primarily cerebral cause of 
the symptomatic attacks, not even in 
the presence of ictal recordings. The 
ambulatory EEG/ECG is superior to 
Holter monitoring in detecting such 
patients with the increased risk of se- 
vere arrhythmias. 

Based on our experience with a large 
patient group it is recommended that 
ambulatory EEG/ECG should be car- 
ried out in all neurologic patients re- 
ferred for long-term EEG recording. 
The benefit of combined EEG and ECG 
overtakes the advantage of one addi- 
tional channel for EEG. 
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Incorrect Value.—In the article entitled “Human Immunodeficiency Virus Type 1 An- 
tigen in Cerebrospinal Fluid” published in the March issue of the ARCHIVES (1989;46:261- 


264), an error appeared on page 262, the first column, line 59. The value for the cutoff was 
stated to be 35 pg/mL; the correct cutoff value should be 25 pg/mL. The sentence should 
read as follows: “Quantities above a cutoff value of 25 pg/mL were considered positive.” 
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Thyroid Function in Epileptic Patients 
Treated With Carbamazepine 


Jouko I. T. Isojärvi, MD, PhD; Arto J. Pakarinen, MD, PhD; Vilho V. Myllyla, MD, PhD 


e The effects of carbamazepine mono- 
therapy on thyroid function were evalu- 
ated in patients with epilepsy. A prospec- 
tive follow-up of 40 patients with recently 
diagnosed epilepsy was carried out to 
evaluate the short-term effects. Thirty- 
three patients receiving long-term car- 
bamazepine therapy (average duration, 
4.2 years) and 34 healthy control subjects 
were studied. Levels of serum thyroxine, 
free thyroxine, and thyroxine binding glob- 
ulin were decreased after both 2 and 12 
months of therapy with carbamazepine. 
Low serum thyroxine and free thyroxine 
concentrations were also found after long- 
term monotherapy with carbamazepine. 
Baseline thyrotropin did not change during 
carbamazepine therapy, but thyrotropin 
responses to thyrotropin-releasing hor- 
mone rose slightly. No correlation was 
found between serum carbamazepine and 
hormone concentrations. The results not 
only support previous suggestions that 
carbamazepine induces the hepatic clear- 
ance of thyroid hormones but also suggest 
that carbamazepine may have an inhibi- 
tory effect at the hypothalamic level. 

(Arch Neurol. 1989;46:1175-1178) 


he interactions between the endo- 

crine system, epilepsy, and antiepi- 
leptic drugs (AEDs) are complex.’ Ep- 
ilepsy per se may affect the hormonal 
balance,” and hormones may have ef- 
fects on seizure activity.*° Further- 
more, AEDs change circulating hor- 


mone concentrations and also pitu- 
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itary responsiveness to various 
stimuli.!! 

It has been known since the 1960s 
that phenytoin treatment reduces se- 
rum thyroid hormone concentrations 
in patients with epilepsy.’*'* Moreover, 
since the 1970s it has been obvious that 
carbamazepine therapy also changes 
the thyroid hormone balance in epi- 
leptic patients.” Low serum concen- 
trations of thyroxine (T,) and free 
thyroxine (FT,) have been found con- 
sistently during carbamazepine treat- 
ment, but serum thyrotropin (TSH) 
levels appear to remain unchanged, 
while triiodothyronine (T,) and thy- 
roxine-binding globulin (TBG) levels 
are low or remain unchanged.*”!?”! 
Only a few epileptic patients receiving 
carbamazepine therapy have been 
studied for their pituitary TSH re- 
sponsiveness to thyrotropin-releasing 
hormone, the reports so far suggesting 
mostly a normal but in some patients 
a higher TSH response to thyrotropin- 
releasing hormone.” ”?? 

It has been suggested that the low 
serum thyroid hormone concentra- 
tions during carbamazepine therapy 
are caused by a carbamazepine- 
induced increase in the hepatic clear- 
ance of thyroid hormones.” However, 
there has also been some speculation 
as to whether the unchanged basal 
TSH serum concentrations, despite 
these low levels of circulating thyroid 
hormones, are a result of carba- 
mazepine interference with the func- 
tion of hypothalamus” or anterior 
pituitary.” 

The aim of this study was to evalu- 
ate the short-term and long-term ef- 
fects of carbamazepine on the thyroid 


hormone balance. Moreover, it seemed 
important both to assess the pituitary 
function and to evaluate the periph- 
eral thyroid hormones at the same 
time during carbamazepine treat- 
ment. 


PATIENTS AND METHODS 


The study was carried out at the Depart- 
ment of Neurology, Oulu (Finland) Univer- 
sity Central Hospital. The approval of the 
ethical committee of the Medical Faculty of 
the University of Oulu was received before 
initiation of the study. The principles of the 
Declaration of Helsinki were followed. In- 
formed consent was obtained from the pa- 
tients. 

All patients participating in the study 
were outpatients. The.clinical examination 
to evaluate the thyroid status of the pa- 
tients was performed by one of us (J.I.T.I.). 
The seizures were classified according to 
the recommendations of Dreifuss et al.” 
Patients showing any actual symptoms or 
signs of illness other than epilepsy were 
excluded. Similarly, female patients who 
were pregnant, lactating, or receiving con- 
traceptive pills were excluded. 

Group 1 (Table 1) consisted of 40 consec- 
utive patients with recently diagnosed epi- 
lepsy. They had experienced at least two 
tonoclonic or partial seizures during the 
previous year. None of them had received 
any AEDs prior to this study. The seizures 
were well controlled in these patients after 
carbamazepine had been set at the thera- 
peutic serum level (20.0 to 40.0 pmol/L); 
some of the patients experienced one or two 
seizures during the l-year follow-up, but 
most of them remained seizure free. The 
mean carbamazepine dose in this group was 
521 mg/d (300 to 750 mg/d) after 2 months 
of treatment with carbamazepine, and 542 
mg/d (300 to 750 mg/d) after 12 months of 
treatment. The mean carbamazepine serum 
concentrations were 28.4 umol/L (16.2 to 
53.5 umol/L) after 2 months of treatment 
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and 26.6 umol/L (17.8 to 41.1 umol/L) after 
12 months of treatment with carbam- 
azepine. 

Group 2 (Table 1) comprised 33 randomly 
selected epileptic patients who had been 
receiving carbamazepine therapy for at 
least 1 year (mean, 4.2 years). Twelve of 
these patients had been treated earlier with 
some other AED(s): 7 with phenytoin, 2 
with phenobarbital, 2 with both phenytoin 
and phenobarbital, and 1 with phenobar- 
bital and valproate, but all 12 of them had 
been receiving carbamazepine monother- 
apy for at least 1.5 years before the study. 
The seizures of these 33 patients were also 
well controlled; some of them had suffered 
a few seizures during the previous year, but 
most of them had been seizure free for some 
years. The mean carbamazepine dose in this 
patient group was 544 mg/d (300 to 750 
mg/d), and the mean carbamazepine serum 
concentration was 26.2 nmol/L (14.2 to 38.5 
nmol/L). 

Thirty-four healthy volunteers with a 
mean age of 33.9 (range, 20.8 to 61.6 years) 
years served as control subjects. Nineteen 
of them were men (mean age, 35.0; range, 
23.6 to 61.6 years) and 15 were women 
(mean age, 32.6; range, 20.8 to 48.6 years). 

Group 1 was studied three times (before 
medication and after 2 months and 12 
months of treatment with carbamazepine) 
for serum T, FT,, T, TBG, TSH, and car- 
bamazepine concentrations and TSH re- 
sponses to thyrotropin-releasing hormone. 
Group 2 was studied once. The control sub- 
jects were studied for serum hormone and 
TBG concentrations, but not for TSH re- 
sponses to thyrotropin-releasing hormone. 

Venous blood samples were drawn at 8 AM 
after an overnight fast (and after a seizure- 
free period of at least 3 days in every 
patient). Immediately thereafter an intra- 
venous injection of 200 ug of thyrotropin- 
releasing hormone (Hoffman-La Roche, 
Basel, Switzerland) was given to the pa- 
tients. Additional blood samples for TSH 
assays were obtained 20, 60, 80, and 120 
minutes after the thyrotropin-releasing 
hormone injection. Serum samples were 
frozen at —20°C until analyzed. 


Assays 


Serum T, T, and TSH concentrations 
were analyzed by radioimmunoassays us- 
ing reagent kits from Farmos Diagnostica 
(Turku, Finland). The sensitivity of the T, 
assay was 5 nmol/L, the coefficient of intra- 
assay variation was 4.5%, and that of in- 
terassay variation was 5.7%. The respective 
values for the T, assay were 0.1 nmol/L, 
5.1%, and 6.2%, and for the TSH assay 0.5 
mU/L, 3.4%, and 5.4%. Serum FT, concen- 
trations were measured using radioimmu- 
noassay kits obtained from Diagnostic 
Products Corp (Los Angeles, Calif). The 
sensitivity was 0.13 pmol/L, the intra-assay 
variability was 4.4%, and the interassay 
variability was 5.0%. Serum TBG concen- 
trations were measured by radioimmu- 
noassay using reagent kits from Behring- 
werke AG (Marburg, West Germany). The 
sensitivity of the assay was below 2 mg/L, 
the intra-assay variability was 2.1%, and 
the interassay variability was 3.6%. Serum 
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Table 1.—Demographics of Study Patients * 


No. of Age, yt; ee eee eee 
Patients Mean (Range) PG P IP S 
Group 1 
Male 22 31.6 (16.0-63.9) 14 8 20 2 
Female 18 32.1 (15.9-61.2) 11 7 15 3 
Total 40 31.9 (15.9-63.9) 25 15 35 5 
Group 2 
Male 20 36.3 (20.2-65.8) 15 5 18 2 
Female 13 32.8 (23.6-45.1) 4 9 11 2 
Total 33 34.9 (20.2-65.8 19 14 29 4 





No. of Patients by Type of Seizures 












* Group 1, a prospective follow-up group (0 to 1 year) of epilepsy patients receiving carbamazepine treatment. 
Group 2, epilepsy patients receiving long-term (1.0 to 14.0 years) carbamazepine medication. PG indicates pri- 
mary generalized; P, partial; IP, idiopathic; and S, symptomatic. 

tin group 1 at the beginning of the study. 


carbamazepine concentrations were as- 
sayed by a fluorescence polarization immu- 
noassay system using an analyzer (TDX, 
Abbott Diagnostic Division, Irving, Tex). 
The sensitivity of the assay was 2.1 umol/L, 
the intra-assay variation was 1.5%, and the 
interassay variation was 2.5%. 


Statistics 


The results were analyzed statistically 
using paired ¢ test (for the follow-up of 
group 1) and Student’s ¢ test (for compari- 
son between control subjects, untreated 
patients equals group 1 before treatment, 
and group 2). Linear regression analysis 
was used for correlations. 


RESULTS 


The main results are presented in 
Tables 2 and 3. 

No significant differences between 
the untreated epileptic patients 
(equals group 1 before treatment) and 
the control subjects were found in the 
serum TBG or hormone concentra- 
tions. In group 1, the T, and FT, serum 
levels were decreased after 2 months of 
treatment with carbamazepine and 
they were also at the same low level 
after 12 months (Table 2). However, no 
changes were found in the serum T, 
levels during carbamazepine treat- 
ment. The TBG levels were slightly 
decreased after 2 months and even 
more decreased after 12 months of 
therapy with carbamazepine. The se- 
rum baseline TSH levels were slightly 
lower after 12 months of treatment 
with carbamazepine (Table 2) com- 
pared with the levels after 2 months of 
treatment. The TSH responses to thy- 
rotropin-releasing hormone were 
slightly increased after 2 months of 
carbamazepine therapy, but returned 
to pretreatment level after 12 months 
(Table 3). 

The T, and FT, serum concentra- 
tions of group 2 were similar to those 
of group 1 after 2 and 12 months of 
treatment with carbamazepine (Table 
2). The T,, TBG, and baseline TSH 


concentrations of group 2 did not differ 
from those of group 1 before treatment 
or from those of the control subjects. 
However, TSH responses to thyrotro- 
pin-releasing hormone in group 2 were 
similar to those in group 1 after 2 
months of carbamazepine, ie, higher 
than TSH responses to thyrotropin- 
releasing hormone in group 1 before 
treatment (Table 3). 

Twenty-three (57.5% ) of 40 patients 

in group 1 had T, and/or FT, serum 
levels below the reference values of our 
laboratory (T,, 55 to 1380 nmol/L; FT,, 
10.8 to 21.5 pmol/L) after 2 months of 
treatment with carbamazepine (20 pa- 
tients) and/or 12 months of treatment 
with carbamazepine (15 patients). In 
group 2, 11 (33.3% ) of 33 patients had 
T, and/or FT, levels below the refer- 
ence values. 
An exaggerated TSH response to 
thyrotropin-releasing hormone (TSH 
response after 20 minutes >25 mU/L) 
was found in one of the patients in 
group 1 after 2 months of treatment 
with carbamazepine: her T, (53 nmol/ 
L) and FT, (10.5 pmol/L) serum con- 
centrations were below the reference 
values and her basal TSH level slightly 
high (5.3 mU/L). After 12 months of 
carbamazepine, she had both T, (63 
nmol/L) and FT, (11.9 pmol/L) serum 
concentrations within the reference 
values, the basal TSH was normal 
(3.0 mU/L) and the TSH response to 
thyrotropin-releasing hormone was 
again normal. In group 2, one female 
patient who had been receiving car- 
bamazepine monotherapy for 14 years 
also had an exaggerated TSH response 
to thyrotropin-releasing hormone. She 
also had both T, (51 nmol/L) and FT, 
(10.0 pmol/L) serum concentrations 
below the reference values. Her base- 
line serum TSH concentration (2.2 
mU/L) was normal. 

No correlations were found between 
carbamazepine serum levels and se- 
rum TBG concentrations or any of the 
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Table 2.—Concentrations of Serum Thyroxine (T,), Free Thyroxine (FT,), 
Triiodothyronine (T), Thyroxin Binding Globulin (TBG), and Thyrotropin (TSH) of 
Epileptic Patients Starting on Carbamazepine Treatment (Group 1) and on Long-term 
Carbamazepine Treatment (Group 2) and of the Control Subjects (Means + SDs) 


Patient Group 1 (n = 40) 
— um - 


After 
2 mo 
Treatment 


Before 
Carbamazepine 


T,, nmol/L 84.6 + 
FT,, pmol/L 15.9 
T}, nmol/L 
TBG, mg/L 23.8 
TSH, mU/L 
*P<.001. 
t+tCompared with the levels before treatment. 


Compared with the contro! subjects. 
§P < .05. 


10.4*¢ 65.0 + 


Control 
Group 2 Subjects 
(n = 33) (n = 34) 


11.9*¢ 65.6 = 11.1*+ 89.7 
t22" 16.3 


Patient 
After 
12 mo Treatment 





||\Compared with the levels after 2 months of treatment. 


Table 3.—Responses of Serum Thyrotropin (TSH) to Intravenous Bolus of 200-ug 
~ Thyrotropin-Releasing Hormone (TRH) in Epileptic Patients Starting on Carbamazepine 
Treatment (Group 1) and on Long-term Carbamazepine Treatment (Group 2)’ 


Patient Group 1 (n = 40) 


_—————_—_—_— 


Before 
Carbamazepine 


After, min 
20 


60 
80 


I+ | I+ | 1+ | I+ 


120 


After 
2 mo 
Treatment 


After 
12 mo 
Treatment 


Patient 
Group 2 
(n = 33) 


I+ | 1+] | I+ 
I+] | HI l+ 
I+ J 1+] 1+ | I+ 





* Serum thyrotropin is measured in milliunits per liter. Values are given as means +SDs. 
tP < .05, when compared with the TSH responses of group 1 before treatment. 


serum hormone concentrations mea- 
sured. 

None of the patients revealed any 
obvious clinical signs of hypothy- 
roidism during carbamazepine ther- 
apy. However, most of them com- 
plained of fatigue, especially in the be- 
ginning of the therapy. 


COMMENT 


A significant decrease of serum T, 
and FT, concentrations was found af- 
ter 2 months of treatment with car- 
bamazepine and the same low levels 
were also found after 12 months of 
carbamazepine therapy. Furthermore, 
these low hormone levels were identi- 
cal to those found in epileptic patients 
who had received carbamazepine for a 
longer period (mean duration of car- 
bamazepine, 4.2 years). The low serum 
T, and FT, levels are consistent with 
earlier findings.” Previously un- 
altered‘ or decreased’? serum T, con- 
centrations have been reported in pa- 
tients with epilepsy receiving carba- 
mazepine, but in this study the serum 
T, levels did not change during the first 
year of carbamazepine treatment, and 
the mean serum T, concentration was 
also similar in patients who had re- 
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ceived carbamazepine for longer than 
1 year. 

In more than half of the patients 
starting carbamazepine therapy, the 
T, and/or FT, serum concentrations 
fell below the reference values. One 
third of the patients who had been 
given carbamazepine for more than 1 
year had serum levels of T, and/or FT, 
below the reference values. However, 
the mean decline of the T, and FT, se- 
rum concentrations of the epileptic 
patients receiving carbamazepine 
seemed to be permanent. 

Carbamazepine is known to induce 
the hepatic microsomal enzyme sys- 
tem catabolizing thyroid hormones.” 
Therefore, it seems probable that the 
decrease in serum T, and FT, levels 
during carbamazepine therapy is a re- 
sult of an increased catabolism of 
these hormones in the liver caused by 
the enzyme-inducing properties of car- 
bamazepine, as suggested previously.” 
Serum T, concentrations were unaf- 
fected by carbamazepine therapy, al- 
though serum T, and FT, levels de- 
creased. Possibly the conversion of T, 
to T, is also increased by enzyme in- 
duction during carbamazepine ther- 
apy. Moreover, one recent article sug- 


gests that carbamazepine may also 
have direct inhibitory effects on iodide 
uptake and hormone synthesis in the 
thyroid gland.” 

The mean serum TBG level de- 
creased during the first year of car- 
bamazepine therapy. The decrease was 
already found after 2 months admin- 
istration of carbamazepine, but it was 
more marked after 12 months of treat- 
ment. The finding of a decreased serum 
TBG level during carbamazepine ther- 
apy is in agreement with earlier 
studies.” However, the results of our 
study suggest that the decline of serum 
TBG concentrations is transient, since 
the levels would appear to be at the 
pre-carbamazepine treatment level af- 
ter a few years of carbamazepine ther- 
apy. Because the serum sex hormone- 
binding globulin levels are high during 
carbamazepine therapy,’ it seems that 
carbamazepine has different kinds of 


effects on these two hormone transport 
proteins in serum. 

Despite the decreased serum T, and 
FT, levels during the carbamazepine 
treatment, the patients did not show 
any obvious signs of clinical hypothy- 
roidism, and no significant increase of 
the mean serum TSH concentration 
was found. This is in accordance with 
previous findings.'’’” In fact, in this 
study the mean basal serum TSH level 
decreased during the 2 and 12 months 
of carbamazepine therapy. 

However, the TSH responses to thy- 
rotropin-releasing hormone were 
slightly higher after 2 months of treat- 
ment and after long-term treatment 
with carbamazepine than before ad- 
ministration of the drug, while the 
TSH responses to thyrotropin- 
releasing hormone were at the pre- 
treatment level after 12 months of 
carbamazepine. Two patients had an 
exaggerated TSH response to thyro- 
tropin-releasing hormone: one after 2 
months and the other after 14 years of 
carbamazepine. These findings are 
consistent with earlier reports of 
mostly normal and, in a few cases, ex- 
aggerated TSH response to thyro- 
tropin-releasing hormone in carba- 
mazepine-treated adult epilepsy 
patients” and children with epilepsy.” 
Joffe et al'* reported a blunted TSH re- 
sponse to thyrotropin-releasing hor- 
mone in six affectively ill patients re- 
ceiving carbamazepine. It is possible 
that the neuroendocrine effects of car- 
bamazepine are different in patients 
with affective illness than in patients 
with epilepsy. It is also possible that 
affective illness per se may alter the 
TSH response to thyrotropin- 
releasing hormone.**! Connell et al 
have reported an unaltered TSH re- 
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sponse to thyrotropin-releasing hor- 
mone in six healthy male volunteers 
during a short-term treatment with 
carbamazepine. 

Thyrotropin secretion is under tonic 
hypothalamic stimulation by thyro- 
tropin-releasing hormone and tonic 
inhibition by thyroid hormone.” Be- 
cause the TSH response to thyrotro- 
pin-releasing hormone was found to be 
normal or slightly increased, carba- 
mazepine does not seem to disturb 
thyrotropin-releasing hormone-stimu- 
lated TSH secretion from the anterior 
pituitary. However, hypothalamic in- 
terference caused by long-term car- 
bamazepine therapy could explain the 
discrepancy between the decreased se- 
rum T, and FT, levels and the unal- 
tered baseline TSH levels, as Ficshel 
and Knépfle” have suggested. 

Previously, both a noradrenergic 
and a serotonergic mechanism of ac- 
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tivity have been proposed for 
carbamazepine.**** It is also possible 
that serotonin inhibits thyrotropin- 
releasing hormone release from the 
hypothalamus.” The suggested sero- 
tonergic activity of carbamazepine in 
the central nervous system would offer 
one possible explanation for the un- 
changed/decreased basal serum con- 
centrations of TSH during carba- 
mazepine therapy. 

The results of this prospective study 
indicate that serum T, and FT, levels 
decrease after as little as 2 months of 
carbamazepine medication and that 
they also remain low after long-term 
treatment with carbamazepine. De- 
spite low serum T, and FT, levels and 
adequate pituitary TSH responses to 
thyrotropin-releasing hormone, the 
serum basal TSH level does not in- 
crease. This suggests a hypothalamic 
interference caused by carbamazepine 
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therapy. However, the patients seem 
to remain clinically euthyroid during 
carbamazepine medication. 

It remains to be established whether 
epileptic patients receiving carba- 
mazepine therapy are really suffering 
from a subclinical hypothyroid state 
caused by the increased metabolism of 
thyroid hormones, by some possible 
direct inhibitory effects of carba- 
mazepine on the thyroid gland, and/or 
by inadequate hypothalamic stimula- 
tion of TSH secretion, or if they are 
patients merely displaying a new 
steady state of thyroid hormone bal- 
ance during carbamazepine therapy. 
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Diabetic Neuropathy and Braille Ability 


Marla Bernbaum, MD; Stewart G. Albert, MD; John D. McGarry, MD 


è Thirty-five individuals with visual im- 
pairment due to diabetic retinopathy un- 
derwent neurologic examination with spe- 
cial emphasis on two-point discrimination 
and nerve conduction studies to deter- 
mine whether concomitant peripheral neu- 
ropathy would interfere with their ability to 
read braille. Twenty-two individuals with 
insulin-dependent diabetes mellitus (9 
men and 13 women) and 13 with non- 
insulin-dependent diabetes mellitus (4 
men and 9 women) were evaluated. All had 
peripheral neuropathy; there were 4 with 
stage 1, 29 with stage 2, and 2 with stage 
3 neuropathy. Two-point discriminatory 
ability appeared to be relatively well-pre- 
served and at least 25 of the 35 individu- 
als were able to learn to read standard or 
jumbo braille. Individuals with abnormali- 
ties in two-point discrimination (>5 mm) 
were found to have abnormalities in braille 
reading. Individuals with visual impairment 
due to diabetes should not be discouraged 
from undertaking braille on the basis of 
apparent polyneuropathy. 

(Arch Neurol. 1989;46:1179-1181) 


iabetes mellitus is now recognized 

as the leading cause of severe vi- 
sion impairment and blindness among 
young and middle-aged adults in the 
United States.' As growing numbers of 
these individuals are referred to reha- 
bilitation services for the blind, it is 
necessary to establish better appreci- 
ation of the true potential of these in- 
dividuals in acquiring conventional re- 
habilitative skills.? It is also essential 
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to understand the unique needs of this 
population that are attributable to di- 
abetes and its complications. Long- 
standing diabetes is often accompa- 
nied by neurologic abnormalities that 
may include decreased tactile sensa- 
tion. It has been suggested that this 
problem may interfere with the mas- 
tery of braille reading by individuals 
who have both diabetes and vision 
impairment.** 

A comprehensive training and sup- 
port program, described in detail else- 
where, has been established at St Louis 
(Mo) University School of Medicine.’ 
The goals of the program are to im- 
prove self-esteem, independence, and 
general health through training in 
adaptive diabetes self-management 
skills, exercise, and psychosocial sup- 
port. The program is offered as an ad- 
junct to rehabilitation services al- 
ready available in the community for 
visually impaired persons. In design- 
ing a self-management program it was 
important to understand the neuro- 
logic and tactile limitations that may 
impede the acquisition of adaptive 
skills. The ability to read braille was 
therefore evaluated. 


SUBJECTS AND METHODS 


Individuals with a diagnosis of visual 
impairment and diabetes mellitus were re- 
cruited through referrals by internists and 
ophthalmologists and recommendations 
from rehabilitation agencies for the visu- 
ally impaired. The subjects were entered 
into a prospective rehabilitation program 
that addressed education, exercise training, 
and psychosocial support necessary for the 
self-management of diabetes, as previously 
described.’ The protocol was approved by 
the Institutional Review Board of St Louis 
University. Informed consent was obtained 
after the nature of the procedures had been 
fully explained. 
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Neurologic Evaluation 


All individuals underwent a baseline his- 
tory and physical examination and a neu- 
rologic examination with emphasis on two- 
point discrimination. The degree of poly- 
neuropathy was characterized according to 
the method of Dyck. Nerve conduction 
studies were performed at baseline using 
standard surface stimulating and recording 
techniques, with continuous monitoring of 
surface temperature, on the median motor 
and sensory nerves of the dominant hand, 
and bilaterally in the tibial and peroneal 
motor and sural sensory nerves.’ Bilateral 
Hoffmann reflex (H reflex) latencies were 
ascertained,” and normal ranges were re- 
ported according to the method of Braddom 
and Johnson. Electrophysiologic data 
were also described in quantitative scores 
similar to previously described scoring 
systems'*"‘ as peripheral neuropathy scores 
(PNS). A normal conduction study result 
was given the score of zero; delayed con- 
duction velocity, prolonged latency, or di- 
minished amplitude was given the score of 
1; and absent nerve conduction response 
was given the score of 2. Nerves analyzed in 
the PNS included sural and median sensory 
nerves; tibial, peroneal, and median motor 
nerves; and H reflexes. A normal score 
would be zero and the worst possible score 
would be 12 for the six nerves tested. 


Statistical Analysis 


Data were analyzed in nonpaired para- 
metric tests using Student’s ¢ test and 
one-way analysis of variance.’ Correlation 
and regression analysis were performed 
using the least-squares method. Nonpara- 
metric procedures included the x’ analysis. 
The ¢ tests, analysis of variance, and x’ tests 
were performed on a DEC VAX 11/750 
computer (Digital Equipment Corp, Nash- 
ua, NH) using the statistical package of 
RS/1 (BBN Software Products Corp, Cam- 
bridge, Mass). Subgroup evaluation of the 
overall analysis of variance was performed 
by the method of Scheffe. 
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RESULTS 


Thirty-five individuals entered the 
study. One individual dropped out very 
early in the assessment stage owing to 
osteomyelitis of the foot, and 2 pa- 
tients refused to undergo nerve con- 
duction studies. There were 22 individ- 
uals with insulin-dependent diabetes 
mellitus (IDDM) (9 men and 13 
women) and 13 individuals with non- 
insulin-dependent diabetes mellitus 
(NIDDM) (4 men and 9 women). The 
age of the individuals with IDDM was 
33 + 2 years (mean + SEM), and the 
age of the individuals with NIDDM 
was 56 + 1 years. The duration of dia- 
betes was 21 + 1 years (22 + 1 years 
for IDDM and 18+2 years for 
NIDDM; not significant). The duration 
of visual impairment was 3+ 0.5 
years (2 + 0.5 years for IDDM and 
4+ 1 years for NIDDM; not signifi- 
cant). One patient may have had blind- 
ness due to retinitis pigmentosa along 
with diabetic retinopathy, and the du- 
ration of visual impairment due to di- 
abetes is unclear. 

Thirty-two individuals underwent 
full nerve conduction studies and 35 
underwent assessment of two-point 
discrimination. All but 1 patient had 
evidence of diabetic polyneuropathy. 
One patient was normal in all nerves 
tested with the exception of prolonged 
sensory latency and reduced amplitude 
of the median nerve. She was classified 
as having stage 1 neuropathy because 
of this abnormality as well as a de- 
crease in vibratory sensation. There 
were 4 individuals with stage 1, 29 with 
stage 2, and 2 with stage 3 neuropathy. 
Sensory symptoms and findings were 
more severe than motor. There were 
abnormalities in the H reflex in 31 in- 
dividuals, in the sensory sural nerve 
responses in 24, in the median sensory 
nerve in 31, in the tibial motor nerve in 
28, in the peroneal motor nerve in 28, 
and in the median motor nerve in 24 
(Table). 

There was no correlation with the 


degree of peripheral neuropathy in 
this group of individuals with respect 
to type of diabetes, sex, age, duration 
of diabetes, duration of visual impair- 
ment, height, serum creatinine level, 
degree of proteinuria, baseline level of 
glycohemoglobin, or fasting blood glu- 
cose level. 

Of the 35 individuals reviewed dur- 
ing the 2 years following participation 
in the program, 25 were able to read 
braille. Three of the 25 were limited to 
reading jumbo braille. Three of the 35 
subjects were unable to read braille. Of 
the 7 remaining subjects who could not 
be evaluated regarding braille reading 
ability, 1 had died, 1 had suffered a 
disabling stroke, 2 were unavailable 
for follow-up, and 3 had not pursued 
instruction in braille because visual 
acuity had stabilized at a level ade- 
quate for reading regular print with or 
without magnification. 

All of the 22 subjects capable of 
reading standard braille had a two- 
point tactile discrimination measured 
at or below 5 mm (Figure). The 3 sub- 
jects who could read only jumbo braille 
had two-point tactile discriminations 
of 5mm, 7 mm, and 8 mm. Of the 3 in- 
dividuals who stated they were unable 
to learn braille, 2 had a two-point tac- 
tile discrimination measured at 3 mm, 
and 1 at 10 mm. 

We attempted to correlate the abil- 
ity to read braille with baseline neuro- 
logic parameters. All individuals had 
some degree of neuropathy, with a 
mean PNS of 6.7 + 0.4. None of the in- 
dividual nerve conduction study re- 
sults nor the cumulative PNSs were 
helpful in predicting whether the indi- 
vidual would have the ability to read 
standard braille or jumbo braille or be 
unable to read braille. 


COMMENT 


A program has been developed to 
assist individuals with visual impair- 
ment due to diabetic retinopathy.’ It 
was first necessary to develop guide- 


lines for assessment of neurologic lim- 
itations. In developing a program di- 
rected at improving overall function, it 
was important to know if peripheral 
neuropathy in these individuals would 
interfere with their ability to acquire 
skills that can be learned by visually 
impaired individuals who do not have 
diabetes or neuropathy. Specifically, it 
has been stated that severe peripheral 
neuropathy will prevent visually im- 
paired individuals with diabetes from 
being able to read braille.** 
Thirty-two individuals underwent 
nerve conduction studies. There were 
definite and severe abnormalities in all 
patients but one, who had only pro- 
longed sensory latency and reduced 
amplitude of the median nerve. Abnor- 
mality was demonstrated most fre- 
quently in the lower limb in the H re- 
flex. These results are similar to those 
described previously.’'°? There was no 
correlation of individual height with 
any measure of peripheral neuropathy 
in this group of individuals, in contrast 
to the findings of Sosenko et al.” There 
was no correlation of the severity of 
the peripheral neuropathy with base- 
line demographic variables in this 
group of individuals with relatively 
consistent duration of diabetes."* 
Acquisition of braille reading skills 
is known to require integration of 
multiple tactile and cognitive func- 
tions as well as adequate motivation.” 
It has been repeatedly suggested that 
individuals with diabetes who become 
visually impaired might have diffi- 
culty in learning braille owing to con- 
current sensory polyneuropathy or 
carpal tunnel syndrome.” In this 
study, there appeared to be some rela- 
tion between two-point tactile dis- 
crimination and braille reading abil- 
ity. The standard braille cell measures 
4mm in width and 6 mm in length, and 
the distance between braille dots 
within a cell is 2.5 mm. It is probable 
that two-point tactile discrimination 
must be adequate to recognize braille 


Nerve Conduction Studies * 


No. (%) of Patients With 
Normal Results 


No. of Abnormal Test Results 
——_— ee 
Decreased 
Amplitude 


Prolonged Latency Slow veracity 


Total No. (%) of Patients 
With Abnormal Test 


Absent Results 


H reflex 1 (3) NA 31 (97) 


Peroneal motor 4 (13) 
Tibial motor 4 (13) 
Sural sensory 8 (25) 
Median motor 8 (25) 
Median sensory 1. (3) 


21 


11 





28 (88) 
28 (88) 
24 (75) 
24 (75) 
31 (97) 


* Thirty-two patients underwent nerve conduction studies. H reflex indicates Hoffmann reflex; NA, not oe Normal test results are as follows: H reflex, normal 


results are described in ‘‘Subjects and Methods”’ section; peroneal motor nerve, distal motor latency (DML) <6.6 ms, motor conduction velocity (MNCV) >42 m/s, and 
amplitude >2 mV; tibial motor nerve, DML <6.6 ms, MNCV >42 m/s, and amplitude >2 mV; sensory sural nerve, sensory peak <4.8 ms, and amplitude >5 uV; median 
motor nerve, DML <4.5 ms, MNCV >48 m/s, and amplitude >5 mV; and median sensory nerve, sensory peak <2.2 ms, and amplitude >40 pV. 
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Two-Point Discrimination, mm 





Braille reading ability with respect to two-point discrimination testing. The ability to read braille was 
determined in 28 individuals and compared with their two-point discriminatory ability. Solid circles 
indicate able to read standard braille; squares, able to read jumbo braille only; and open circles, 


unable to read braille. 


dot patterns within these dimensions. 

All subjects in this study who could 
read standard braille had a two-point 
tactile discrimination measured at 5 
mm or less. Individuals with two-point 
discrimination of 5 mm, 7 mm, and 8 
mm could read braille only in the 
jumbo format. Of the three individuals 
who stated they could not learn braille, 
two had tactile discrimination mea- 
sured at 3 mm, equivalent to many of 
the subjects who were able to read 
braille. This suggests that cognitive 
and motivational factors or some other 
aspects of tactile ability are essential 
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in the mastery of braille reading. It is 
interesting to note that after hearing 
that many of their peers had succeeded 
in mastering braille, several partici- 
pants in this program who had been 
discouraged from undertaking lessons 
in braille reading pursued instruction 
and did acquire reading ability. 
Although these individuals had ap- 
parent polyneuropathy, we were un- 
able to predict by nerve conduction 
studies who would be physically lim- 
ited in the ability to read braille. Me- 
dian sensory nerve conductions were 
relatively preserved compared with 
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lower extremity dysfunction and did 
not correlate with two-point discrimi- 
nation abilities. 

In addition to the recreational ben- 
efits of braille reading, the ability to 
identify medications, household items, 
and personal articles, and to maintain 
personal records and files, permits in- 
creased independence and efficiency 


for an individual with severe vision — 


impairment. At least 25 of the 35 sub- 
jects were able to read braille. It is 
difficult to estimate the success rate in 
nondiabetic individuals because sta- 
tistics do not separate congenital from 
adventitious blindness. A 70% success 
rate of learning braille seems compa- 
rable with reports in the literature.‘ 

It may be concluded from these find- 
ings that persons with diabetes should 
not be discouraged from undertaking 
instruction in braille reading. The re- 
sults suggest that individuals with 
greater sensory deficits, reflected in 
two-point tactile discrimination of 5 
mm or greater, may have difficulty in 
reading standard braille. These per- 
sons should be offered instruction in 
jumbo braille as an alternative. Pre- 
empting instruction with the sugges- 
tion that undocumented sensory defi- 
cits may prevent the individual from 
mastering braille may only serve to 
heighten depression and anxiety, and 
may undermine the cognitive efforts 
and motivation essential to braille 
reading. 
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Sympathetic Sudomotor Function 
in Diabetic Neuropathy 


William R. Kennedy, MD, Xavier Navarro, MD, PhD 


e Sympathetic nerve function was stud- 
ied by the Silastic mold technique and by 
evaporimetry in the hand and the foot in 
357 type! diabetic patients. The number of 
active sweat glands was below normal in 
24% of patients in the hand and in 56% in 
the foot, while the sweat evaporation rate 
was low in 17% and 40% of patients, 
respectively. Computerized analysis of 
the molds, which allowed automatic sweat 
gland counts and estimations of the se- 
cretion volume of each sweat gland, de- 
tected abnormalities in 36% and 60% of 
patients. The Silastic imprint technique 
was found to be a sensitive test for detec- 
tion of sympathetic nerve involvement, 
even in asymptomatic patients with nor- 
mal clinical and nerve conduction exami- 
nations. Its sensitivity and accuracy has 
been enhanced by the computerized anal- 
ysis of the molds. 

(Arch Neurol. 1989;46:1182-1186) 


Autonomic neuropathy is a frequent 

complication of diabetes mellitus 
that often accompanies or even pre- 
cedes the first signs of the more com- 
monly recognized sensory-motor poly- 
neuropathy.'* Disorders of sweating, 
due to degeneration of postganglionic 
sudomotor axons,’ are common ex- 
pressions of diabetic autonomic 
neuropathy.°* Symptoms include hy- 
perhidrosis of the head and chest and 
heat intolerance with distal 
anhidrosis.’ Although the chronic dry- 
ness of the skin rarely troubles the pa- 
tient, it probably contributes to devel- 
opment of skin lesions.’ The incidence 
of sweating abnormalities has been 
difficult to determine until recently, 
when improved methods for measur- 
ing sweat gland (SG) activity became 
available.*”° It is now possible to de- 
termine the number of SGs that can be 
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activated by iontophoresis of cholin- 
ergic agents with a Silastic mold 
method? and the volume of fluid 
secreted.’ 

The aim of this study was to deter- 
mine the incidence of sweating abnor- 
malities in the extremities of a large 
group of type I diabetic patients. We 
compare these results with findings 
from the clinical examination and 
nerve conduction studies to construct a 
profile of each diabetic patient. We also 
introduce a new method for estimating 
sweat volume using computerized im- 
age processing of the Silastic molds. 


SUBJECTS AND METHODS 
Subjects 


A total of 357 patients with diabetes 
mellitus, aged 15 to 80 years (mean, 34.5 
years) and duration of disease for 1 to 49 
years (mean, 20.0 years), were evaluated. 
All had been classified as type I after endo- 
crinologic examination. Ten older patients 
(average age, 65.2 years) were participants 
in an insulin pump program. Patient values 
were compared with those obtained from 75 
normal subjects, aged 12 to 64 years (mean, 
35.5 years), who were studied with the same 
tests during the same time span. Informed 
consent was obtained in a manner approved 
by the University of Minnesota (Minneapo- 
lis), Committee on Use of Human Subjects 
in Research. 


Sweating Activity Tests 


Sweating was evaluated by the Silastic 
imprint method and by evaporimetry. 
Sweating was stimulated from a 1-cm° area 
of skin, on the dorsum of the hand (over the 
first dorsal interosseous muscle) and the 
foot (over the first intermetatarsal space), 
by iontophoresis (2 mA direct current, 5 
minutes) of a 1% aqueous solution of pilo- 
carpine nitrate. Moments after stimula- 
tion, and at 30 minutes, Silastic material, 
(Kerr Co, Romulus, Mich) was spread onto 
the skin. The impression of each sweat 
droplet, as it emerged from its sweat duct, 
was retained in the hardened mold. The 
number of sweat glands (SGN) activated 
was determined by counting the droplet 
impressions under a dissecting microscope.* 
Just before Silastic molds were made, an 
evaporimeter (Somedic) was placed over 
the stimulated skin.’ This instrument mea- 
sures the partial vapor pressure of sweat 
water at two levels above the skin, and ex- 


trapolates to read sweat evaporation rate 
(SER) per unit area. Measurements at 30 
minutes were used for analysis. 

Sweat glands were also counted in 50 
control subjects and 255 patients using 
computerized image analysis (Interna- 
tional Imaging System) of the Silastic 
molds. The mold was projected through a 
microscope onto a video screen. The image 
created was processed by a software system 
that enhances contrast and measures the 
number and size of the clear areas corre- 
spondent to sweat droplet impressions from 
the darker background (Fig 1). The size of 
the droplet impressions, relative to the to- 
tal area scanned, is proportional to the se- 
cretion volume of each SG. 


Neurologic Examination 


Patients were specifically questioned 
during the clinical history for complaints of 
abnormal sweating activity. The most com- 
mon, increased sweating with certain stim- 
uli (gustatory or others) and hypohidrosis 
in the feet, were graded subjectively be- 
tween normal (0) and clearly abnormal (2). 

From the complete neurologic examina- 
tion, only the responses to pinprick stimuli 
were used in this article. These were graded 
as follows: 0, normal; 1, stimulus detected, 
but with a subjective increase distal to 
proximal; 2, stimulus not detected on part 
of the fingers and/or toes; 3, not detectable 
on part of the hand/foot; and 4, deficit ex- 
tended above the wrist and/or ankle. 


Nerve Conduction Tests 


Motor nerve conduction velocity was 
measured for one ulnar, median, peroneal, 
and tibial nerve. The evoked muscle action 
potential was recorded from the hypothe- 
nar, thenar, extensor digitorum brevis, and 
abductor digiti quinti muscles, respectively. 
Values for ulnar and median nerves and 
those for peroneal and tibial nerves were 
averaged to facilitate comparisons with 
other parameters. Orthodromic sensory 
nerve conduction was measured in the me- 
dian and sural nerves. When no response to 
nerve stimulation was obtained, the ampli- 
tude of response was recorded as zero, and 
conduction velocity and latency as missing 
values. 


Statistical Analysis 


Comparison of values between groups 
was made by Student’s t test, and correla- 
tion analysis by a simple regression test. 
The normal limit for each sweating test was 
established as the 95th percentile of the 
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Fig 1.—Image of a Silastic mold in the video 
screen of the computerized image analysis 
system, before and after the selection of the 
sweat droplet indentations. 
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Fig 2.—Relationship between values for the number of active sweat glands (SGN) and the sweat 
evaporation rate (SER) in the foot of diabetic patients (r = .84; P < .0005). 


values obtained in the control subjects 
studied. 
RESULTS 
Sweating Activity 


The values for SGN and SER acti- 
vated by pilocarpine are shown in Ta- 
ble 1, with the results from computer- 
ized analysis of the Silastic molds. 
Values obtained from control subjects 
were slightly higher on the hand than 
on the foot. Values from the hand and 
foot correlated for SG counts and also 
for SER (r = .48; P < .001 for both). 
There were no measured changes of 
sweating with increasing age or be- 
tween sexes. 

The stimulated responses from the 
diabetic group were significantly lower 


than from the control subjects for all 
values, except for the size of SG drop- 
lets on the hand; 70 and 50 of 288 
patients had decreased SGN and SER 
on the hand, and 199 and 140 of 353 pa- 
tients on the foot, respectively. There 
was good correlation between results 
of the two tests in diabetics (Fig 2), al- 
though some patients showed discrep- 
ancies. Both tests together showed ab- 
normalities in 31% of patients in the 
hand and in 57% of patients in the foot. 

The SGNs determined by either op- 
tical counting or by the image analyzer 
system were closely correlated in con- 
trol subjects and patients (7 = .80 for 
the hand and r=.86 for the foot; 
P < .0005) (Fig 3). Similar percentages 
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of abnormalities were found by both 
methods of counting; the few cases 
that did not show correspondence were 
patients with an SGN near the limits 
of normal in both types of counts. The 
total area of sweat droplet impressions 
correlated well with the values re- 
corded with evaporimetry in the same 
subjects (r = .88, hand; r = .68, foot; 
P < .0005) (Fig 3). On the other hand, 
the size of the sweat droplets did not 
correlate with their numbers (r = .09, 
hand; r = .29, foot). Measurement of 
droplet size allowed us to identify 20% 
and 14% of the patients who had a 
normal computerized count of SGN in 
the hand and foot, respectively, but a 
decreased mean area (volume) of the 
secretion. The computerized evalua- 
tion of the molds alone showed abnor- 
malities in either the SGN or volume of 
secretion in 36% and 60% of the pa- 
tients studied in the hand and foot, re- 
spectively. 


Relation With Clinical Observations 


The duration of diabetes did not 
correlate with the results of any of the 
tests of sweating activity. Approxi- 
mately 66% of the patients studied 
said that sweating was decreased in 
their feet during normal activity. 
However, the objective sweat tests 
were abnormal in only 60% of those 
patients. On the other hand, the tests 
were abnormal in about 50% of pa- 
tients who believed their sweating was 
normal. 

Patients with abnormal clinical 
scores for pinprick sensitivity had a 
lower activated SGN and lower SER, 
especially in the foot (Table 2). The 
correlations were significant in the 
lower extremity. In the hand, where 
the majority of patients were normal, 
this trend was not evident. 


Relationship With Nerve Conduction 
Tests 


Nerve conduction data from large 
myelinated nerve fibers of diabetic pa- 
tients did not show good correlations 
with sweating activity (Table 3). Al- 
though statistically significant for 
some parameters, the correlation co- 
efficients were generally low. Sweat 
test results were below normal in 
about twice as many patients with ab- 
normal conduction as in patients with 
normal conduction values. Of patients 
with normal motor and sensory nerve 
conduction values, 22% were abnormal 
on sweating tests in the upper extrem- 
ity and 34% in the lower extremity. 


COMMENT 


The findings of this study indicate 
that unmyelinated sympathetic nerve 
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Fig 3.—Relationship between (top) the optical and computerized counts of sweat glands (SGN) 
(r = .86; P < .0005), and (bottom) the sweat evaporation rate (SER) and the total area of sweat 
droplets (r = .68; P < .0005) after stimulation with pilocarpine in the foot of control and diabetic 


patients. 


fibers are involved in about 60% of pa- 
tients with type I diabetes mellitus. 
Histologic studies have shown that 
peripheral autonomic fibers are in- 
volved in most patients with known 
diabetic neuropathy, and that this oc- 
curs earlier and more often than the 
more clinically apparent abnormali- 
ties of sensory and motor nerve 


fibers.» Sympathetic nerve fiber in- 
volvement has also been demonstrated 
in studies of skin biopsy specimens of 
diabetic patients who have evidence of 
neuropathy.’ Moreover, Fagius'* found 
that sympathetic nerve activity, as re- 
corded by microneurography, was usu- 
ally absent in diabetic neuropathy, 
even in the presence of muscle afferent 
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Table 2.—Relation Between Scores on the Physical Examination of Pinprick Sensation 
and Tests of Sweating Activity in the Diabetic Patients * 


SGN 
p OO ee 

x + SD 
Hand 


292 + 79 
291 + 52 


286 + 84 22 
(r = .07) 
Foot 


261 + 54 


2 60 63 
3 51 73 
4 28 82 
(r = .42)t 










% Abnormal x+ SD 






86.9 + 22.8 
90.6 + 20.2 






84.1 + 29.4 
(r = .06) 








78.0 + 22.2 









240 + 66 73.1 + 26.1 

192 + 87 41 64.0 + 32.8 

164 + 103 48 50.8 + 34.4 

137 + 99 68 35.5 + 32.4 
(r = .40)t 


* SGN indicates sweat gland number; SER, sweat evaporation rate. 


tP < .0005. 


Table 3.—Relation Between Sweating Activity Tests and Nerve Conduction Study in the 
Diabetic Patients * 


Motor 
Upper extremity NCV Normal 


Abnormal 


Normal 
Abnormal 


Upper extremity MAP 


Lower extremity NCV Normal 


Abnormal 


Normal 
Abnormal 


Lower extremity MAP 


Sensory 
Median LAT Normal 


Abnormal 


Median NAP Normal 


Abnormal 


Sural LAT Normal 


Abnormal 


Sural NAP Normal 


Abnormal 


* SGN indicates sweat gland number; SER, sweat evaporation rate; NCV, nerve conduction velocity; MAP, 
amplitude of the muscle action potential; LAT, distal latency; and NAP, amplitude of the nerve action potential. 


tP < .005. 
+P < .0005. 


activity. He suggested that sympa- 
thetic involvement occurs earlier in 
the disease process in diabetic neurop- 
athy than in other types of polyneur- 
opathies. 

Three different tests of sweating ac- 
tivity have been described in recent 
years that allow a quantitative evalu- 
ation of sudomotor function.*'° The Si- 
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lastic mold technique and evaporime- 
try methods combined allowed us to 
detect abnormalities in 31% and 57% 
of patients in the hand and the foot, 
respectively. The Silastic mold tech- 
nique was more sensitive than evapo- 
rimetry. The computerized evaluation 
of the molds alone showed abnormali- 
ties in either SGN-activated or mean 
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volume of secretion in up to 36% and 
60% of the patients studied. These fig- 
ures are in agreement with those ob- 
tained using the sudomotor axon re- 
flex sweat method. Low et al" found 
abnormalities in 9% of 73 diabetic pa- 
tients in a distal site of the forearm 
and 58% in the foot; Ahmed and 
LeQuesne” found 65% of 52 diabetic 
patients with absent or decreased 
sweating response in the foot. 

The frequent involvement of small 
nerve fibers in diabetes is supported by 
the high proportion of abnormalities 
found in temperature sensitivity 
tests,'’'’ and the good correlation of 
these tests with results from sweat 
tests. The sweating activity tests 
were, however, less sensitive than 
thermal testing for detecting abnor- 
malities.'* Experimental evidence sug- 
gests that the lower sensitivity is be- 
cause the sudomotor system compen- 
sates for denervation via prolific 
collateral reinnervation of target 
organs. Combined with the ability 
of SGs to secrete when only partially 
innervated,’ this process obscures 
early detection of axon loss. We believe 
that the partially denervated SGs pro- 
duce smaller droplets. Indirect confir- 
mation comes from studies in which 
either an experimentally created sym- 
pathetic neuron loss or an induced de- 
fect in cholinergic transmission caused 
reduction of the size of sweat droplets 
more significantly than the reduction 
in number (W.R.K., X.N., unpublished 
observations, 1988). More complete 
verification may require measurement 
of the sweat volume produced by single 
glands during neural stimulation and 
comparison with their density of in- 
nervation. To identify small droplets 
we used a computerized image process- 
ing system that, in addition to giving 
an automatic count of the number of 
sweat droplet impressions in the mold, 
provided an index of volume output 
from each functioning SG by measur- 
ing the diameter of each impression. 
This is an improvement over our pre- 
vious laborious method of projecting a 
photographic negative of the mold 
onto a digitizer tablet for measure- 
ment.’ Our results showed that about 
15% of the patients studied had, in 
fact, a reduced mean volume of SG 
secretion with a normal active SGN, 
allowing an overall increase in sen- 
sitivity of the sweating methods 
used. 

The sweat activity tests did not cor- 
relate with the duration of diabetes, an 
indication that sympathetic fibers may 
be involved at any stage of diabetes. 
Also, the tests did not correspond 
clearly with the sweating deficits sub- 
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jectively recognized by the patients. 
Hypohidrosis, when recognized, was 
not usually troublesome to the patient. 
Half of the patients with a clear de- 
crease in number of active SGs be- 
lieved their feet to sweat normally. 
Hyperhidrosis of the head, neck, and, 
occasionally, the chest during meals 
was a greater problem, usually of a 
social nature. As found previously,’ 
sweating activity decreased in relation 
to the abnormalities observed on the 
clinical examination of pinprick sen- 
sation, also mediated by unmyelinated 
axons, in the lower extremity. 

The weak correlations between 
sweat activity and results from nerve 
conduction studies suggest that 
heavily myelinated somatic fibers and 
unmyelinated sympathetic fibers have 
different degrees of involvement in di- 
abetic patients, especially in those 
with mild neuropathy. On the other 
hand, the positive relationship shown 
between nerve conduction and para- 
sympathetic cardiorespiratory reflex 
abnormalities?!” favors the hypothe- 
sis of a common pathogenic mecha- 
nism affecting myelinated somatic and 
parasympathetic nerves. 

Sympathetic nerves are thought to 
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become abnormal later in diabetic neu- 


ropathy than parasympathetic nerves. 
Ewing et al* found 40% of their pa- 
tients abnormal on cardiorespiratory 
reflex tests, while blood pressure re- 
sponses, which are mainly sympa- 
thetic controlled, were abnormal in 
less than 20%. We have found cardio- 
respiratory reflex responses abnormal 
in 72% and sweating abnormal in 57% 
of the same patients.” These results 
are close to those of Low et al, who 
found 67% abnormal by cardiorespi- 
ratory reflexes compared with 58% 
with abnormal sweating. This sug- 
gests that the current sweating tests 
are more sensitive indicators of sym- 
pathetic function than blood pressure 
responses and that sympathetic nerves 
are abnormal in more patients than 
previously suspected. 

Decreasing SG activity over time 
indicates progression of postgangli- 
onic sudomotor axon degeneration. 
This is because the methods that stim- 
ulate SGs directly? or indirectly’ by 
iontophoreses of cholinergic sub- 
stances test the integrity of the post- 
ganglionic innervation of SGs. Test 
results are not known to be affected by 
pathologic findings of the central ner- 
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vous system or preganglionic nerves. 
The neuropathologic significance of 
the sweat tests makes them more use- 
ful for following the course of the pa- 
tient’s neuropathy than the sympa- 
thetic skin responses.” These latter 
responses involve activation of a com- 
plex reflex arc, and the pathologic sig- 
nificance of their absence is unknown.” 

In conclusion, sweating tested with 
the Silastic mold method is abnormal 
in a high percentage of diabetic pa- 
tients. The method is a quick, objec- 
tive, and inexpensive means for quan- 
titating progression and possibly re- 
gression of disease of the autonomic 
nervous system. Sweat gland counts 
can be made using a low-power dis- 
secting microscope and_ reported 
within 10 minutes of completion of 
testing. Sensitivity and accuracy are 
enhanced by computerized analysis of 
the molds. The test should be used as 
one component of a more complete in- 
vestigation that is aimed at determin- 
ing the profile of involvement of many 
types of peripheral nerves. 
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Platelet Serotonin Metabolism and 
Ultrastructure in Migraine 


Giovanni D’Andrea, MD; K. M. A. Welch, MD; Jeanne M. Riddle, PhD; Saul Grunfeld, MS; Rajiv Joseph, MD 


è Biochemical and ultrastructural tech- 
niques were used to study the nature of 
platelet serotonin involvement in mi- 
graine. Serotonin levels were increased to 
a moderate degree in classic migraine, but 
not in common migraine. The platelet con- 
tent of 5-hydroxyindoleacetic acid was 
equally reduced in both classic and com- 
mon migraine. Platelet-dense bodies, the 
storage organelles for serotonin, were in- 
creased in both migraine groups, particu- 
larly in classic migraine. The results were 
interpreted as evidence for reduced plate- 
let serotonin turnover combined with 
dense body hyposecretion in migraine suf- 
ferers. These findings are further support- 
ive evidence for altered serotonergic func- 
tion between attacks of migraine, and ar- 
gue in favor of a role for serotonin in the 
mechanisms of a migraine attack. 

(Arch Neurol. 1989;46:1187-1189) 


Serotonin is considered an important 

neurotransmitter involved in mi- 
graine pathogenesis. The precise 
mechanisms of the involvement are 
unknown. Platelets possess specific up- 
take mechanisms for serotonin,** 
which is then stored largely in platelet 
dense bodies.?'® A small, but active, 
metabolic compartment exists outside 
the dense body in which catabolic ac- 
tivity to form 5-hydroxyindoleacetic 
acid (5-HIAA) may take place.'' To 
further understand serotonin metabo- 
lism in migraine we have measured 
platelet serotonin and 5-HIAA con- 
tent, and estimated the number of 
dense bodies in platelets using electron 
microscopy. 


MATERIALS AND METHODS 
Clinical Material 


Twenty-eight migraine sufferers (19 com- 
mon, 9 classic) and 15 healthy normal 
female subjects were studied. The diagnosis 
was made according to the Ad Hoe Com- 
mittee on Classification of Headache." Age, 
sex, and length of attacks and duration of 
the disease are shown in Table 1. All par- 
ticipants were free from drugs known to 
affect platelet function for at least 2 weeks 
prior to the study. They were also non- 
smokers. To minimize the effect of diet, all 
subjects were asked to remain on a con- 
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trolled tyrosine, tryptophan, and serotonin 
diet for 2 weeks before blood collection.'* All 
of the patients were studied at least 3 days 
or longer after a migraine attack. 


Methods 


Following overnight fasting, blood was 
drawn from a vein in the antecubital fossa 
with the patient in the supine position. 
Thirty milliliters was used for transmis- 
sion electron microscopy and 20 mL was 
drawn into citric acid-citrate dextrose in a 
1:10 dilution for the estimation of platelet 
serotonin and 5-HIAA. 


Survey of Platelet Reactivity 


The following platelet responses: (1) ad- 
hesion, (2) surface activation, and (3) ag- 
gregation were evaluated using standard- 
ized in vitro methods.” Morphologic 
changes were assessed using the magnifi- 
cation and resolution capacity of the trans- 
mission electron microscope. A normoreac- 
tive platelet population showed a predomi- 
nance (> 50%) of dendritic-type platelets. 
Hyperactive populations of platelets were 
characterized by an increased percentage of 
spread-type platelets and/or abnormally 
increased numbers of platelet aggregates. 
For the purposes of our study, the platelet 
response was considered hyperactive if the 
percentage of the spread-type platelet ex- 
ceeded the upper limit of the control range 
(> 26% spread platelets) and/or the num- 
ber of platelet aggregates was abnormally 
increased (> 121 aggregates per 100 single 
platelets counted). 


Analysis of Organelles 


The specimens of whole blood were col- 
lected and processed using solutions specif- 
ically designed to retain the content of 
dense bodies within the cytoplasm of the 
platelet.'* The anticoagulant, which con- 
tained citric acid, sodium citrate, and dex- 
trose (each at a concentration of 0.1 mol/L), 
was placed in a syringe and mixed with 
whole blood (1 part anticoagulant to 9 parts 
of whole blood). Platelet-rich plasma was 
prepared by centrifuging the anticoagu- 
lated blood sample at 190g for 15 minutes at 
room temperature. Platelet-rich plasma (4 
to 5 mL) was mixed with equal parts of 
White’s saline (pH, 7.4) containing 0.6% gl- 
utaraldehyde, and the mixture was kept at 
room temperature for 15 minutes. The par- 
tially fixed platelets were centrifuged at 


800g for 20 minutes at room temperature to 
form a pellet. Fixation of the pellet was 
continued at room temperature for another 
60 minutes after adding White’s saline con- 
taining 3% glutaraldehyde. The glutaral- 
dehyde fixative was replaced with a cacody- 
late buffer containing sucrose (0.2 mol/L). 
The pellet was immersed in the sucrose 
buffer for 15 to 30 minutes at 4°C. After- 
ward, the pellet was exposed to a solution of 
1% buffered osmic acid for 90 minutes at 
room temperature and then dehydrated in 
a series of graded ethanol solutions. Five 
plastic blocks were prepared from each pel- 
let. Ultrathin sections were cut from three 
of the blocks. The sections were mounted on 
a 200-mesh copper grid and doubly stained 
with uranyl acetate-lead citrate. 

Using the transmission microscope, 
platelets present at five random locations 
on a grid containing sections cut from one 
of the three blocks were photographed at a 
X7000 enlargement. The number of photo- 
graphs produced per pellet was usually 10 to 
20. This method of selection was chosen to 
minimize the chance of photographing se- 
rial sections of a single platelet mounted on 
the surface of a grid. The negatives pro- 
duced were used to produce a X2.9 enlarge- 
ment (final print magnification, 20 300) that 
was printed as a 20 X 25-cm, black-and- 
white photograph. 

To randomly select platelet profiles, a 1- 
inch grid was drawn on the surface of a 
20 X 25-em sheet of transparent plastic. 
The left-hand corner of each square was 
numbered consecutively. One of the micro- 
graphs showing sectioned platelets, magni- 
fied 20300 times, was placed behind the 
numbered grid on the plastic sheet. Several 
lists of random numbers were generated 
with a computer. A starting point in the 
column of numbers was chosen blindly. 
Each successive number in the column was 
matched to the square of the grid with the 
same number. Sections of platelets in that 
square were serially numbered. This proce- 
dure was repeated using micrographs of 
platelets obtained from sections collected 
from the different blocks until 25 platelets 
were randomly selected. Usually five or 
more micrographs were required for this 
selection process depending on how closely 
the sectioned platelets were arranged. We 
also numbered 50 consecutive sections of 
different platelets and determined only the 
concentration of dense bodies, the organelle 


Table 1.—Patient Series 


Control Subjects 
22-44 


Age range, y 


Classic 
Migraine 


29-42 


Common Migraine 
17-45 


Mean age, y 26.4 35.4 32.6 


Number 15 9 19 ~ 
Bc 2-8 bh 


Duration of migraine, y 
Frequency /attacks per month 









r aize s 
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of particular interest in our study. To be 
included in this selection process, the plate- 
let section had to contain either a single 
mitochondrion, alpha granule, or dense 
body. 


HPLC Methods 


Platelet-rich plasma was obtained by 
centrifugation (165g for 15 minutes). The 
separation and washing of platelets was as 
previously described.” The platelet pellet 
was sonicated in 0.1 mol/L of perchloric 
acid (Merck, Darmstadt, West Germany). 
The mixture was centrifuged (4620g for 15 
minutes) to remove protein fragments. The 
supernatant was removed and passsed 
through a 0.10 umol syringe filter (West 
Coast Scientific Products, Emeryville, 
Calif). Serotonin and 5-HIA A levels were de- 
termined by high-pressure liquid chroma- 
tography using an amperometric detector 
(+ 0.65V). The system consisted of an in- 
jector (Rheodyne Model 7125) with a 50-uL 
loop, an amperometric detector (Bioanalyti- 
cal Systems, Model LC-4A), and a chart re- 
corder (Brown-Boverie, Model SE-120). 

The mobile phase, adjusted to pH 4 with 
phosphoric acid, consisted of 0.7 mmol/L of 
citrate, 0.1 mmol/L of sodium acetate, 0.4 
mmol/L of sodium crytyl sulfate, and 0.7 
mmol/L of ethylenediaminetetraacetic 
acid. The column used was a monofunc- 
tional Brownlee RP-18 with a reverse phase 
(4.6 mm [inside diameter] X 10 CML). The 
retention times for serotonin and 5-HIAA 
were 8 and 13 minutes, respectively. The 
levels of serotonin and 5-HIAA were deter- 
mined from a standard calibration curve." 

Statistical analysis was performed using 
Student’s two-paired ¢ test and Pearson- 
product moment correlation analysis. A P 
value of less than .05 was considered signif- 
icant. 


RESULTS 


Mean platelet serotonin was in- 
creased in patients with classic mi- 
graine compared with control subjects, 
but was unaltered in common mi- 
graine (Table 2). Mean platelet 5- 
HIAA was significantly lower when 
compared with healthy control sub- 
jects in both common and classic mi- 
graine patients. To evaluate if the de- 
creased 5-HIAA platelet content was 
caused by an immediately preceding 
migraine attack, we examined platelet 
5-HIAA levels as a function of time 
after the event (Fig 1). In a cross-sec- 
tional analysis no significant correla- 
tion was found within days after an 
attack, confirming that the platelet 5- 
HIAA decrease was not a function of 
serotonin release during the prior mi- 
graine attacks. 

There were no significant differ- 
ences in the means of the platelet 
count, percent of spread-type plate- 
lets, or number of alpha granules be- 
tween control subjects and patients 
with migraine (Table 3). The mean 
number of platelet aggregates showed 
a trend toward lesser numbers in pa- 
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Table 2.—5-HT and 5-HIAA Platelet Content in Common and Classic Migraine Sufferers 
and in Normal Control Subjects * 


Control Subjects 
1068.7 + 379.5 


Common Migraine Classic Migraine 


1071 + 394.6; 1320 + 311.7f; 
NS P< .05 


5.4 + 3.0; 5.9 + 5.04; 
P< .004 P< .03 


* 5-HT indicates 5-hydroxytryptamine; 5-HIAA, 5-hydroxyindoleacetic acid; and NS, not significant. Values are 
mean + SD; platelet content is expressed in nanograms per 10° platelets. 

t Significant from control and common migraine. 

Significant from control. 


Ce E GF 





5-HIAA 
ng/ 10° Platelets 
O Controls 


A Common Migraine 
O Classic Migraine 


Common Migraine, r = +0.16; P = .51 
Classic Migraine, r = —0.36; P = .30 


Migraine Attack 


Oo. OS 


O 


O 
ol 


0000 O 
O 


A 


Headache-Free Intervals 


Fig 1.—Relationship between individual 5-hydroxyindoleacetic acid (5-HIAA) platelet levels in 
common and classic migraine sufferers and normal subjects and the length of the headache-free 
interval from the last migraine attack. 


Table 3.—Values for Tests of Platelet Morphology * 


Tests Control Common Migraine Classic Migraine 


Platelet count /mm* 288 + 53 276 £ TT 260 + 77 


Percent of spread type platelet 12% 14 17.2 49 15 = 27 


No. of aggregates 
















per 100 platelets 61+ 54 60 + 54 43 + 37 
Alpha granules / 25 

sectioned platelets 193 + 37 189 + 26 197 + 40 
Dense bodies / 25 

sectioned platelets 19 +5 23 + St 25 + 4t 


No. of subjects 15 19 11 


* Values are mean + SD. 
tP< DS. 
P < .008. 





tients with classic compared with com- 
mon migraine and control subjects. 
The mean number of dense bodies was 
increased to a higly significant degree 
in patients with classic migraine and 
to a lesser but still significant degree in 
patients with common migraine. Fig- 
ure 2 illustrates this dense-body ab- 
normality in a classic migraine. 


COMMENT 


Decreased platelet 5-HIAA content 
is indicative of decreased serotonin 


turnover and compatible with previous 
observations that platelet monoamine 
oxidase activity, the enzyme that con- 
verts serotonin to 5-HIAA, is reduced 
in migraine sufferers”°”! The results 
are also consistent with the low uri- 
nary 5-HIAA excretion between at- 
tacks found by Bousser et al.” Al- 
though total platelet serotonin content 
was increased in subjects with classic 
but not common migraine, this was of 
moderate order and not strongly per- 
suasive of metabolic differences be- 
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Fig 2.—Randomly selected section of platelet obtained from a classic migraine sufferer. On av- 
erage, the platelet sections of migraineurs contained an increased number of dense bodies (ar- 
rows) (X 27 000). 


tween the two types of migraine. The 
increase, however, might imply more 
marked reduction of turnover, de- 
creased release, or increased storage of 
serotonin in classic migraine. 

The biochemical observations were 
supported by morphologic data that 
demonstrated increased numbers of 
dense bodies in the platelet, both in 
common and in classic migraine, al- 
though more so in the latter. No mor- 
phologic marker of migraine has been 
documented before this time. One ex- 
planation for the finding may be a de- 
creased rate of platelet-dense-body se- 
cretion based on our ultrastructural 
studies that revealed no evidence for 
platelet activation or secretion. De- 
creased adenosine triphosphate re- 
lease from platelets, a reliable indica- 
tor of dense-body hyposecretion, was 
previously documented between mi- 
graine attacks.” Dense-body hypose- 
cretion could be due to an abnormality 
in coupling between cytosolic-ionized 
calcium and the process of dense-body 
release. This is supported by recent 
observations of a disproportionately 
reduced stimulation of platelet cyto- 
solic-ionized calcium by the platelet- 
activating agents collagen and throm- 
bin despite abnormally elevated basal 
cytoplasmic calcium.” 

An added consideration in this study 
is that reduced serotonin turnover has 
been documented in association with 
depressive illness,” and a depression 
scale was not included in the study 
paradigm. Nevertheless, patients were 
only studied if, on the basis of psychi- 
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atric history and examination, they 
were judged to be without depression, 
confirmed by repeated examinations 
over a subsequent 38-month period. 
Therefore, the biochemical findings 
are unlikely to be explained on this 
basis. Platelet dense bodies, to our 
knowledge, have not been studied in 
depressive illness. 

Altered platelet serotonin metabo- 
lism has been documented in associa- 
tion with abnormal structure of the 
platelet organellar zone in subjects 
with migraine. Taken together these 
two observations suggest a functional 
block in the release of serotonin from 
the vesicular compartment of the plate- 
let, an abnormality that could perhaps 
be generalized to the neuron.” This 
being so, search for evidence of vascu- 
lar or neuronal receptor supersensi- 
tivity to serotonin also might be worth- 
while in this condition. These findings 
are further evidence of a role for sero- 
tonin in the mechanisms of migraine. 
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Cefotaxime vs Penicillin G for Acute Neurologic 
Manifestations in Lyme Borreliosis 


A Prospective Randomized Study 


Hans-Walter Pfister, MD; Vera Preac-Mursic, PhD; Bettina Wilske, MD; Karl Max Einhäupl, MD 


@ We randomly assigned 21 patients 
with painful Lyme neuroborreliosis radicu- 
litis (Bannwarth’s syndrome) and neu- 
roborreliosis meningitis to a 10-day treat- 
ment with either penicillin G, 4 X 5 million 
U/d(n = 10) or cefotaxime sodium, 3 X 2 
g/d(n = 11), intravenously. We were not 
able to demonstrate clinical differences 
between groups, either during the 10-day 
treatment period or at follow-up examina- 
tion a mean of 7.7 months after antibiotic 
therapy. Cerebrospinal fluid cefotaxime 
concentrations reached the minimum in- 
hibitory concentration at the 90% level for 
Borrelia burgdorferi in all patients, while 
none of the patients treated with penicillin 
G had cerebrospinal fluid concentrations 
above the minimum inhibitory concentra- 
tion at the 90% value. We conclude that 
patients with acute neurologic manifesta- 
tions of Lyme borreliosis may benefit from 
a 10-day treatment with cefotaxime or 
penicillin G. Cerebrospinal fluid antibiotic 
concentrations above the minimum inhibi- 
tory concentration at the 90% value, as 
observed in all patients treated with cefo- 
taxime, offer the most hope for long-term 
prognosis. 

(Arch Neurol. 1989;46:1190-1194) 


Lym borreliosis is a tick-trans- 

mitted disorder caused by the spi- 
rochete Borrelia burgdorferi.'? The 
disease is characterized by various 
clinical stages, including dermatolog- 
ic, neurologic, cardiac, and rheumato- 
logic manifestations.’ Lyme borrelio- 
sis usually begins with a typical skin 
lesion at the site of the tick bite called 
erythema migrans (stage 1). Acute, 
painful neuroborreliosis radiculitis 
(Bannwarth’s syndrome), neurobor- 
reliosis meningitis, or mild menin- 
goencephalitis may develop several 
weeks after the tick bite (stage 2).*' 
The hallmark of this radiculitis is in- 
tense radicular pain with its maximum 
at night and lymphocytic pleocytosis 
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in the cerebrospinal fluid (CSF). It is 
usually associated with peripheral 
pareses of extremities and cranial 
nerve palsies. 

Months to years after the primary 
infection, chronic neurologic disease, 
including chronic encephalomyelitis 
or peripheral neuropathy, may evolve 
(stage 3).°'’ Chronic encephalomyelitis 
may resemble multiple sclerosis. The 
symptoms of chronic peripheral neur- 
opathy are different from those of 
stage 2 radiculitis.'* Chronic periph- 
eral neuropathy usually presents with 
intermittent limb paresthesias with 
no evidence of radicular pain and no 
significant deficits during clinical ex- 
amination. Peripheral nerve dysfunc- 
tion is based on neurophysiologic 
studies such as abnormal sensory con- 
duction and prolonged motor terminal 
latencies. Abnormalities in the CSF 
are only rarely detected in these pa- 
tients. 

Steere et al'* recommended high- 
dose intravenous penicillin therapy for 
the treatment of neurologic manifes- 
tations of Lyme borreliosis. Some in- 
vestigators have supported the use of 
penicillin therapy.'*’’ Even patients 
with chronic progressive neurologic 
disease associated with Lyme borreli- 
osis gained benefit from penicillin 
therapy.'*'’ However, studies on the in 
vitro susceptibility of B burgdorferi 
have shown that penicillin G is only 
effective in inhibiting the growth of B 
burgdorferi in high concentrations 
(minimum inhibitory concentration at 
the 90% level [MIC 90]: 4 mg/L). In 
addition, penicillin therapy was usu- 
ally not effective in curing B burgdor- 


feri-infected gerbils and Syrian ham- 


sters. The activity of third-generation 
cephalosporins such as ceftriaxone 
(MIC 90: 0.06 mg/L) and cefotaxime 
sodium (MIC 90: 0.12 mg/L) has been 
proved to be superior to that of peni- 
cillin in vitro as well as in vivo.” 
Furthermore, cefotaxime and ceftri- 
axone were effective in treating pa- 
tients with acute neuroborreliosis 
meningoencephalitis or chronic late 
Lyme borreliosis who did not respond 
to penicillin therapy.”!” 

Dattwyler et al” have shown that 
ceftriaxone is better than intravenous 
penicillin for chronic late Lyme borrel- 


losis. We report the results of a pro- 
spective randomized open trial in 
which patients with acute neurologic 
manifestations of Lyme borreliosis 
were treated with either penicillin G or 
cefotaxime. 


PATIENTS AND METHODS 


We randomly assigned 21 patients with 
acute painful neuroborreliosis radiculitis 
(n=18) and neuroborreliosis meningitis 
(n = 3) to a 10-day treatment with either 
penicillin G, 4 X 5 million U/d (n = 10) or 
cefotaxime, 3X2 g/d (n=11), intrave- 
nously. Both antibiotic agents were given 
within 20 to 30 minutes. The diagnostic cri- 
teria for the patients included the follow- 
ing: (1) clinical signs of acute neuroborreli- 
osis radiculitis (Bannwarth’s syndrome) 
with severe radicular pain and lymphocytic 
pleocytosis in the CSF, elevated antibody 
titers against B burgdorferi, and/or a his- 
tory of arthropod bite or erythema migrans 
(n = 18); and (2) neuroborreliosis meningi- 
tis with a history of a tick bite or erythema 
migrans and elevated antibody titers 
against B burgdorferi (n = 3). 

Clinical data of all patients are summa- 
rized in Table 1. The onset of the neurologic 
disease occurred between June and October. 
At the time of the onset of therapy, radic- 
ular pain and headache had already sub- 
sided in three patients with neuroborrelio- 
sis radiculitis and in one patient with neu- 
roborreliosis meningitis, respectively. 

The patients were not treated with corti- 
costeroids during the antibiotic treatment 
period. Neurologic examination was per- 
formed daily. The severity of radicular pain 
was scored daily with a 0 through 10 rating 
system. For evaluation, we compared the 
medians of the corresponding maximum 
daily pain scores in the penicillin group 
(n = 7) with those of the cefotaxime group 
(n = 8). The daily dose of analgesics was 
recorded during the 10-day treatment pe- 
riod. 


CSF Examination 


Lumbar puncture was performed prior to 
treatment (n = 21) and on the 8th to 10th 
day of treatment (n = 17). The CSF was ex- 
amined for white blood cells and total pro- 
tein. Isoelectric focusing was used to deter- 
mine oligoclonal IgG bands in the serum 
and CSF. Concentrations of albumin and 
IgG in serum and CSF were determined by 
kinetic nephelometry. To discriminate be- 
tween elevated IgG levels caused by blood- 
brain barrier dysfunction and those caused 
by intrathecal production, the CSF/serum 
ratio of IgG and the CSF/serum ratio of al- 
bumin were compared.” To isolate spiro- 
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chetes, the CSF was inoculated into culture 
tubes containing modified Kelly’s medium. 
The tubes were incubated at 33°C and 
examined for the presence of spirochetes by 
means of a darkfield microscope. 


Serologic Examination 


Serum samples and CSF were tested for 
antibodies against B burgdorferi during the 
acute stage of the disease and at the follow- 
up examination. 

Indirect Immunofluorescence Test.—The in- 
direct immunofluorescence test was per- 
formed using methods previously de- 
scribed.” Borrelia burgdorferi strain PKo 
served as the antigen.” The CSF and serum 
samples were absorbed with an ultrasoni- 
cate of Treponema phagedenis to remove 
cross-reacting antibodies. Serum IgG and 
IgM antibody titers greater than or equal to 
1:64 and CSF IgG and IgM antibody titers 
greater than or equal to 1:4 were considered 
significantly elevated. 

Enzyme-Linked Immunosorbent Assay.— 
Enzyme-linked immunosorbent assay was 
performed using an ultrasonicate antigen 
prepared from strain PKo as described by 
Wilske et al.” Intrathecal production of 
antibodies against B burgdorferi was as- 
sessed by comparing the CSF/serum ratio 
of enzyme-linked immunosorbent assay 
IgG values (units per milliliter) with the 
CSF/serum ratio of total IgG (CSF/serum- 
index).” A CSF/serum-index of less than 2 
was considered normal, 2 to 3.9 was consid- 
ered marginal, and greater than or equal to 
4 was considered elevated. 


Determination of Antibiotic 
Concentrations in CSF and Serum 


On the 8th to 10th day of antibiotic 
treatment, serum and CSF samples were 
collected simultaneously 30 minutes after 
antibiotic infusion. The samples were 
stored at —70°C until they were analyzed. 
Antibiotic concentrations in serum and 
CSF were measured by the microbiologic 
agarwell diffusion method. Escherichia coli 
strain V 6311-65 was used as the test or- 
ganism for cefotaxime, and Staphylococcus 
aureus ATCC 25923 was used for penicillin 
G. After the diffusion at room temperature 
for 30 minutes, the samples were incubated 
at 37°C for 18 hours. For evaluation, stan- 
dard rows with known cefotaxime and pen- 
icillin G concentrations were used. 


Follow-up Examinations 


Allof the patients were reexamined at 7.7 
months (+2.4 [SD]) after antibiotic ther- 
apy. Lumbar puncture was performed in 20 
of the patients. Lumbar puncture was not 
performed in 1 patient from the cefotaxime 
group who had normal CSF values on the 
ninth day of antibiotic treatment. 


Statistical Analysis 


A Wilcoxon Rank-Sum Test for the me- 
dian values of the pain scores and Student’s 
t test for all other correlations were per- 
formed. 


RESULTS 


Group differences in sex, age, neuro- 
logic symptoms, CSF findings, and du- 
ration from onset of neurologic symp- 
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Table 1.—Clinical Data of 21 Patients With Acute Neurologic Manifestations of Lyme 
Borreliosis at Time of Hospital Admission 


Cefotaxime 
Sodium 
(n = 11) 


Penicillin G 
(n = 10) 


Diagnosis 


Neuroborreliosis radiculitis 
Neuroborreliosis meningitis 


pe 

rng 56.7 + 15.0* 55.4 + 10.8* 
History of arthropod bite 

History of erythema migrans 





Neurologic abnormalities at time of hospital admission 


Radicular pain 
Headache 
Facial palsy 
Unilateral 
Bilateral 
Abducent paresis unilateral 
Pareses of extremities 
Pareses of abdominal muscles 
Sensory disturbances 
Hypoesthesia, hypalgesia 
Paresthesia 


Blood 
Leukocytes, X 10°/L 


Sedimentation rate, mm/h 


Cerebrospinal fluid 
Cells / uL 


Total protein, g/L 
Oligoclonal IgG bands 


Duration from onset of neurological symp- 
toms to therapy, d 


*Data are expressed as mean + SD. 


280.9 + 212.3* 435.7 + 528.1* 
1.15 + 0.69* 136 + 67.4* 
7 7 





28.7 + 33.75* 23.5 + 16.32* 


tin two patients, erythema migrans was still present when neurologic disease developed. 
Left quadriceps and iliopsoas (two patients); right quadriceps (one patient); left anterior tibialis and gastroc- 


nemius (one patient). 


§Unilateral supraspinatus and infraspinatus, deltoid, brachioradialis, and biceps (three patients); right ilio- 
psoas and quadriceps (one patient); and left deltoid, biceps (one patient). 


toms to therapy were not evident. The 
total amount of analgesics taken dur- 
ing the 10-day treatment period was 
similar in both groups. All patients 
had lymphocytic pleocytosis between 6 
and 600 cells/uL. Total protein level 
was elevated in 19 patients with values 
from 0.46 to 2.76 g/L, while 2 patients 
in the penicillin group had normal 
protein values. Fewer cells were found 
in the CSF of patients in the penicillin 
group; however, the differences were 
not significant (P > .5). Oligoclonal 
IgG bands in the CSF could be detected 
in 7 patients of each group. Spirochetes 
were not isolated from the CSF of any 
of the patients. 

Elevated serum IgG and IgM anti- 
body titers against B burgdorferi (1:64 
to 1:512) were found in 11 patients, of 
whom 4 had both elevated IgG and IgM 
antibody titers, 6 had only elevated 
IgG antibody titers, and 1 had only el- 
evated IgM antibody titers. Two pa- 
tients treated with penicillin and 2 pa- 
tients treated with cefotaxime had 
marginal IgG and/or IgM (1:32) serum 


antibody titers but elevated CSF anti- 
body titers. The CSF/serum index val- 
ues between 5.5 and 23.2 indicated in- 
trathecal production of IgG against B 
burgdorferi. 

Six patients had normal (n = 5) or 
marginal (n = 1) serum antibody titers 
against B burgdorferi and normal CSF 
antibody titers. Four of these 6 pa- 
tients had a history of erythema mi- 
grans that was still present in 2 pa- 
tients at the time of hospital admis- 
sion. The other 2 seronegative patients 
(1 patient from each treatment group) 
had no history of erythema migrans 
but reported multiple “insect bites” 
and bites by horseflies within a few 
weeks prior to the onset of the neuro- 
logic disease. It has been shown that B 
burgdorferi may also be transmitted 
by other arthropods, including deer 
flies, horseflies, and mosquitoes.” Both 
patients had intense radicular pain 
with maximum pain at night and lym- 
phocytic pleocytosis in the CSF. One 
patient had unilateral facial palsy. The 
other had peripheral pareses of the 
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right-sided supraspinatus and in- 
fraspinatus, deltoid, brachioradialis, 
and biceps with corresponding signs of 
acute denervation on electromyogra- 
phy. Reports of seronegative patients 
with Lyme borreliosis are well doc- 
umented.”* It has been shown that 
negative serologic findings were often 
found in patients with a short disease 
duration.”*° This observation corre- 
sponds with our findings. The disease 
duration of the 6 seronegative patients 
was shorter than that of the 15 pa- 
tients with elevated antibody titers 
(15.0 + 12.1 and 35.5 + 24.9 days, re- 
spectively, P < .1). 

Neurologic symptoms such as cra- 
nial nerve palsies, pareses of extremi- 
ties and abdominal muscles, headache, 
and sensory disturbances improved or 
even subsided during the 10-day treat- 
ment period in eight patients from the 
penicillin group and in nine patients 
from the cefotaxime group. Clinical 
improvement usually was observed on 
the third to fourth day of therapy. Pain 
scores were not significantly different 
in both groups (Fig 1). Radicular pain 
subsided in both groups at the end of 
treatment. 

Clinical deterioration occurred in 
two patients of each group on the sec- 
ond to third day of treatment. One pa- 
tient from the penicillin group had 
contralateral facial palsy develop. The 
other patient treated with penicillin 
had hypoesthesia develop in the dis- 
tribution of the distal S1 segment bi- 
laterally. Both patients from the cefo- 
taxime group had facial palsy develop. 
In addition, one patient had contralat- 
eral proximal paresis of arm muscles 
develop on the seventh day of treat- 
ment. All four patients improved by 
the 10th day of treatment. 

A decrease in white blood cells and 
total protein values in the CSF was 
seen in 16 patients on the 8th to 10th 
day of treatment. An increase in cell 
count from 6 to 20 cells/uL and in the 
total protein level from 0.68 to 0.93 g/ 
L was seen in 1 patient from the pen- 
icillin group. 

There were no significant differ- 
ences in the serum antibiotic concen- 
trations (21.0 + 15.6 mg/L for penicil- 
lin, 34.8 + 14.5 mg/L for cefotaxime; 
P > .05), the CSF antibiotic concentra- 
tions (0.56 + 0.35 mg/L for penicillin, 
0.65 + 0.33 mg/L for cefotaxime, 
P > .05), and the CSF/serum ratios 
(3.3% + 2.0% for penicillin, 2.0% + 
1.3% for cefotaxime; P > .05). The CSF 
antibiotic concentrations did not reach 
the MIC 90 value in any of the penicil- 
lin-treated patients. All of the patients 
treated with cefotaxime had levels 
higher than the MIC 90 in the CSF (Fig 
AN 
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The total protein levels as well as the 
albumin CSF/serum ratios were 
higher in the penicillin group than in 
the cefotaxime group, but there was no 
significant difference (0.85 + 0.45 g/L 
and . 0.62 £ O41: g/L: - 121 x10" 
+68xX10° and 105xX10°?+44 
x 10°; P > .05). Side effects of antibi- 
otic treatment were not observed. 


FOLLOW-UP EXAMINATIONS 


Seventeen of the 21 patients exam- 
ined had normal neurologic findings at 
follow-up examinations (Table 2). Two 
patients from each group had mild 
neurologic residual symptoms with 
mild hypoesthesias of previous radic- 
ular lesions (3 patients) and with mild 
pareses of unilateral quadriceps and 
iliopsoas muscle (1 patient). One pa- 
tient from the penicillin group re- 
ported recurrent radicular pain that 
had developed 4 weeks after antibiotic 
therapy and lasted for a 5-week period. 
Lumbar puncture, which was per- 
formed in this patient at 74% months 
after penicillin therapy, revealed a 
normal cell count. However, the total 
protein level was still elevated (0.65 g/ 
L). None of the patients had typical 
late cutaneous, rheumatologic, or neu- 
rologic manifestations of Lyme borrel- 
losis. 

Only one patient who had been 
treated with cefotaxime still had lym- 
phocytic pleocytosis (5 cells/uL) asso- 
ciated with a mild elevation of the to- 
tal protein level (0.5 g/L) 5 months af- 
ter therapy. In the CSF of two patients, 
the total protein level was elevated 
(0.56 and 0.65 g/L, respectively, both 
patients from the penicillin group; fol- 
low-up, 7.5 and 9 months, respec- 
tively). Oligoclonal IgG bands could 
still be demonstrated in six patients 
from each group. Two patients from 
each treatment group still had ele- 
vated serum IgG antibody titers 
against B burgdorferi. All of the pa- 
tients had normal IgM antibody titers. 
Elevated CSF/serum index values 
were still demonstrated in one patient 
from each treatment group. 


COMMENT 


The results of studies on the in vitro 
and in vivo susceptibility of B burg- 
dorferi have suggested that third-gen- 
eration cephalosporins are promising 
drugs for the treatment of Lyme 
borreliosis.” The current study was 
undertaken to explore the efficacy of 
cefotaxime as compared with penicil- 
lin G in acute neurologic manifesta- 
tions of Lyme borreliosis. Twenty-one 
patients with painful neuroborreliosis 
radiculitis and neuroborreliosis men- 
ingitis were included in this prospec- 
tive randomized open trial. Our study 


shows that cefotaxime is effective in 
treating patients with acute radiculi- 
tis and meningitis due to B burgdorferi 
infection. We were not able to demon- 
strate clinical differences between the 
cefotaxime group and the penicillin 
group, either during the 10-day treat- 
ment period or at follow-up examina- 
tion, a mean of 7.7 months after anti- 
biotic therapy: 

Clinical improvement, which usu- 
ally occurred on the third or fourth day 
of therapy, was observed in 8 of 10 pa- 
tients from the penicillin group and in 
9 of 11 patients from the cefotaxime 
group. Both drugs were tolerated well. 
Clinical deterioration, including devel- 
opment of facial palsy, pareses of ex- 
tremities, and sensory disturbances, 
was evident in 2 patients of each group 
and occurred mainly on the third day 
of therapy. It is difficult to decide 
whether this clinical deterioration 
with antibiotic therapy is due to drug 
failure or parainfectious immunologic 
mechanisms. In addition, delayed 
Jarisch-Herxheimer reaction cannot 
be excluded, even though the typical 
Jarisch-Herxheimer reaction usually 
occurs during the first 24 hours after 
the onset of therapy, as known from 
syphilis.>” As shown in a previous 
study, corticosteroids did not prevent 
clinical deterioration in patients with 
acute neuroborreliosis radiculitis.*4 
Penicillin and cefotaxime were equally 
effective in treating radicular pain. 
The pain, as assessed by the median 
pain score values, had subsided at the 
end of the 10-day treatment period in 
both groups. 

Cefotaxime concentrations reached 
the MIC 90 level in the CSF of all pa- 
tients, while none of the patients 
treated with penicillin G had concen- 
trations above the MIC 90 value in the 
CSF. These results suggest that peni- 
cillin therapy may not be able to elim- 
inate the bacterial agent from the 
CSF, thus enabling possible late man- 
ifestations in the central nervous 
system. To determine CSF antibiotic 
concentrations, lumbar puncture was 
performed 30 minutes after the admin- 
istration of the antibiotic because peak 
antibiotic concentrations in the CSF 
for penicillin as well as for cefotaxime 
may be expected at this point in 
time.**** The CSF antibiotic concentra- 
tions were low in both groups. Mean 
CSF/serum ratios of 2.0% for cefotax- 
ime and 3.3% for penicillin G were 
calculated. This might be explained by 
the absence of a distinct blood CSF 
barrier lesion, as was observed in most 
of the patients. 

No clinical differences between the 
groups were evident at follow-up ex- 
aminations. None of the reexamined 
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e—e Penicillin (n = 7) 


e~e Cefotaxime (n = 8) 


Fig 1.—Radicular pain in neuroborreliosis radiculitis during the 10-day treatment period with ei- 
ther penicillin G (n = 7) or cefotaxime sodium (n = 8). The severity of radicular pain was scored 
daily using a O through 10 rating system. The curves represent medians of corresponding max- 
imum pain scores. There was no significant difference between treatment groups. The pain had 
subsided at the‘end of the treatment period in both groups. Asterisk indicates not significant. 











Follow-up period, mo 


Neurologic findings 
Normal 


Residual symptoms 
Mild hypoesthesia 
Mild motor deficit 


Cerebrospinal fluid 
Lymphocytic pleocytosis 


Oligoclonal IgG bands 





* Data are expressed as mean + SD. 

+Relapse 4 weeks following antibiotic therapy; radicular pain lasted more than 5 weeks. Results of clinical 
reexamination at a follow-up of 7.5 months were normal. 

Same patient; cerebrospinal fluid showed 5 cells / uL and 0.5 g/L of protein at a follow-up period of 5 months. 

§Total protein level was 0.56 and 0.65 g/L at a follow-up period of 7.5 and 9 months, respectively. 


patients had evidence of disease ac- 
tivity. Only one patient (penicillin 
group) had a relapse of radicular pain. 
Late typical manifestations of Lyme 
borreliosis, such as encephalomyeli- 
tis, arthritis, acrodermatitis chronica 
atrophicans, or other new clinical 
symptoms could not be observed in ei- 
ther group. 

The CSF cell count had returned to 
normal values in nearly all of the pa- 
tients. The prominent CSF finding was 
persistent oligoclonal gammopathy 
that was evident in the CSF of six pa- 
tients from each group. Intrathecal 
production of antibodies against B 
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Table 2.—Clinical Findings on Follow-up Examination 


Penicillin G (n = 10) Cefotaxime Sodium (n = 11) 


7.2 + 2.3* 


1 (bilateral S1) 
1 (iliopsoas and quadriceps paresis) 


Recurrent radicular pain 1ł 19 
Late manifestations 
of Lyme borreliosis Vir e 


Repeated lumbar puncture 10 10 


Protein elevation 2§ 









8.2 + 2.5* 


9 
2 
2 (left T1; bilateral S1) 


1# 
1¢ 
6 


burgdorferi was still demonstrated in 
one patient from each group. However, 
the occurrence of persistent oligo- 
clonal IgG bands as well as specific an- 
tibodies within the CSF for months 
and even years after acute disease is 
known from other neurologic inflam- 
matory diseases.” They do not give 
evidence for clinically active disease. 

Ceftriaxone seems to be superior to 
penicillin in the treatment of late 
Lyme borreliosis.” In a prospective 
randomized study, Dattwyler et al” 
compared the efficacy of penicillin with 
ceftriaxone in 23 patients with chronic 
late manifestations of Lyme borrelio- 
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Fig 2.—Cerebrospinal fluid (CSF) antibiotic 
concentrations in patients with neuroborrelio- 
sis radiculitis and neuroborreliosis meningitis 
treated with penicillin (n = 9) or cefotaxime 
sodium (n = 8). The CSF samples were col- 
lected 30 minutes after the administration of 
the antibiotic at the 8th to 10th day of therapy. 
The broken line indicates minimum inhibitory 
concentration at the 90% (MIC 90) value.*° 
Note that CSF cefotaxime concentrations were 
above the MIC 90 value in all of the patients 
while CSF penicillin concentrations did not 
reach the MIC 90 value in any case. 


sis. The mean disease duration was 
35.4 months in the penicillin group and 
27.7 months in the ceftriaxone group, 
respectively. Five of the 10 patients 
from the penicillin group were consid- 
ered treatment failures while only 1 of 
13 patients of the ceftriaxone group 
was considered a treatment failure. 
The diagnoses included in this study 
were very heterogeneous. Further- 
more, a follow-up period of 3 months is 
very short to consider treatment fail- 
ures in chronic late complications. As 
known from neurosyphilis, adequate 
therapy is defined as a normal CSF cell 
count and a falling protein content at 
6 months following treatment.” How- 
ever, CSF findings before and after 
antibiotic therapy were not mentioned 
in this study. 

The question of how long patients 
with acute neurologic manifestations 
of Lyme borreliosis should be treated 
remains unclear. The suggested peri- 
ods of 10 or 14 days have been chosen 
arbitrarily.'** The treatment duration 
in the study of Dattwyler et al” was 10 
days for penicillin and 14 days for cef- 
triaxone. In our study, a 10-day treat- 
ment period for both antibiotics was 
chosen. The most appropriate time pe- 
riod will be revealed only by long-term 
follow-up examinations in compara- 
tive studies with different treatment 
periods. 
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Among the main limitations of ther- 
apeutic trials in acute neurologic man- 
ifestations of Lyme borreliosis are the 
following: (1) the chances of drugs 
helping are confounded by the problem 
of spontaneous remissions of acute 
neurologic manifestations, eg, painful 
neuroborreliosis radiculitis'™*'**; (2) 
higher numbers of patients are needed 
to evaluate little clinical differences 
between treatment regimens; (3) iso- 
lation of Borrelia from the CSF is not 
a good method for determining the 
success of treatment because B burg- 
dorfert can only be cultured in rare 
cases;*** and (4) longer follow-up peri- 
ods, probably of many years, are nec- 
essary to detect relapses and late com- 
plications. 

In conclusion, our data suggest that 
patients with acute neurologic mani- 
festations of Lyme borreliosis may 
benefit from a 10-day treatment with 
cefotaxime or penicillin G. The final 
recommendation for optimal antibi- 
otic therapy will not be possible until 
long-term follow-up studies reveal the 
frequency of recurrences and late com- 
plications after previous antibiotic 
therapy. Cerebrospinal fluid antibiotic 
concentrations above the MIC 90 value, 
as observed in all patients treated with 
cefotaxime, offer the most hope for 
long-term prognosis. Cerebrospinal 
fluid penicillin concentrations that did 
not reach the MIC 90 value in any of 
our patients indicate that borreliae 
may survive in CSF and cause late 
central nervous system manifesta- 
tions. It remains unclear whether ce- 
fotaxime or ceftriaxone is the better 
drug in treating the neurologic mani- 
festations of Lyme borreliosis. To an- 
swer this question, clinical trials com- 
paring cefotaxime and ceftriaxone in 
neurologically manifested Lyme bor- 
reliosis are needed. 


M. Heuser, MD, V. Pfaffenrath, MD, M. Reiter, 
MD, C. Garner, MD, and M. Wick, MD, provided 
clinical cooperation. F. Anneser and P. Decker 
assisted with manuscript preparation. 
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Reduced Protein Kinase C Immunoreactivity and Altered 
Protein Phosphorylation in Alzheimer’s Disease Fibroblasts 


Tuan Van Huynh; Gregory Cole, PhD; Robert Katzman, MD; Kuo-Ping Huang, PhD; Tsunao Saitoh, PhD 


@ Abnormal protein kinase C levels and 
protein kinase C-dependent phosphoryla- 
tion are biochemical alterations in brain 
tissue obtained from patients with Alzhei- 
mer’s disease. Because many biochemical 
and biophysical abnormalities are found in 
peripheral tissues of patients with Alzhei- 
mer’s disease, we studied protein kinase 
C levels and the in vitro phosphorylation of 
proteins under protein kinase C-activat- 
ing conditions in fibroblasts derived from 
patients with Alzheimer’s disease. The 
concentration of protein kinase C-like im- 
munoreactivity was reduced in Alzhei- 
mer’s disease samples, although the pro- 
tein kinase C activity determined by the 
phosphorylation of exogenous histone 
was not. The degree of in vitro phosphory- 
lation of an Mr 79000 protein in the pres- 
ence of protein kinase C activators was 
less in Alzheimer’s disease than in control 
fibroblast cytosol, and a reduction was 
more prominent in cases of familial Alzhei- 
mer’s disease than in sporadic Alzhei- 
mer’s disease. Therefore, the aberrant 
phosphorylation mediated by protein ki- 
nase C is found not only in the brain but 

also in fibroblasts. 

(Arch Neurol. 1989;46:1195-1199) 


Alzheimer’s disease (AD), a major 

cause of dementia, is a common 
neurologic disorder in modern society. 
It has been calculated that more than 
1.2 million people suffer from severe 
dementia and 2.5 million people suffer 
from mild dementia in the United 
States. Thus, taking the 55% rate of 
AD among demented patients, more 
than 2 million péople have AD.' De- 
spite intensive studies, the cause of AD 
remains unknown. The final outcome 
of AD is a dysfunction and eventual 
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death of selected neurons in particular 
areas of the brain, and attempts have 
been made to find a biochemical deficit 
that may explain the neurodegenera- 
tion, which has not been satisfactorily 
explained thus far. Aberrant protein 
phosphorylation in brain tissue ob- 
tained from patients with AD has been 
suggested.*> Protein phosphorylation 
has been implicated as the molecular 
mechanism by which many extracel- 
lular signals control intracellular 
functions, including cell growth, dif- 
ferentiation, and survival. Abnormal 
phosphorylation is possibly causally 
involved in neuronal death in AD. 

Two lines of thought prompted us to 
study the protein kinase C (PK-C)- 
mediated cascade reaction in fibro- 
blasts derived from patients with AD. 
First, we have found reduced levels of 
PK-C and phosphorylation of an Mr 
86000 protein (P86) in brain homoge- 
nates from patients with AD.’ Second, 
AD has been proposed to be a systemic 
disease in which the expression of ab- 
normalities is most prominent in neu- 
ronal tissue.* For example, energy me- 
tabolism has been found to be altered 
in AD brain, and this abnormality has 
been found as well in the cultured AD 
fibroblast.’ Alzheimer’s disease fibro- 
blasts were reported to be more sensi- 
tive to x-rays and alkylating reagents 
than control fibroblasts, although the 
UV sensitivity was not altered in AD.” 
The Ca?* binding of AD fibroblasts was 
shown to be altered,'! and this altered 
Ca?’ metabolism may be responsible 
for the reduced adhesiveness of AD 
fibroblasts.'*"> Alzheimer’s disease fi- 
broblasts were reported to secrete less 
cholinergic neuron differentiation 
factor. The stimulation of $-adren- 
ergic receptor produced more cyclic 
adenosine monophosphate in AD fi- 
broblasts than in control fibroblasts." 
Thus, AD fibroblasts are apparently 
abnormal and the deficits found in 
brain tissue should be looked for in fi- 
broblasts. 

We have found reduced levels of 
PK-C immunoreactivity and the in 
vitro phosphorylation of an Mr 79000 
protein (P79) by PK-C in homogenates 
prepared from fibroblasts of patients 
with AD. This reduction was more 


marked in fibroblasts derived from 
patients with familial AD cases than 
in those from sporadic cases. We have 
also found that the PK-C activity mea- 
sured in the AD homogenate, using 
exogenously added histone as sub- 
strate, was not reduced as compared 
with that in the control sample. There- 
fore, an aberrant PK-C-dependent 
phosphorylation was found in the AD 
brain and in the AD fibroblast, sug- 
gesting that the altered PK-C-depen- 
dent phosphorylation in the brain 
might be involved in the pathogenesis 
of AD, rather than simply secondary to 
neuron loss or damage. 


MATERIALS AND METHODS 
Cell Cultures 


Fibroblasts from patients with familial 
AD were obtained from two different 
sources; fibroblasts from biopsy specimens 
of upper arm skin of patients with sporadic 
AD and age-matched individuals were es- 
tablished in the Alzheimer’s Disease Re- 
search Center, University of California, 
San Diego. A total of 11 cell lines from con- 
trol subjects, 9 cell lines from patients with 
sporadic AD, and 8 cell lines from patients 
with familial AD were used for this study, 
although the number of samples used for 
individual experiments varied as is indi- 
cated. Cells were grown in Dulbecco’s mod- 
ified essential medium containing 5% fetal 
bovine serum, and 80% confluent monolay- 
ers were harvested by scraping for bio- 
chemical study. Cell passage numbers used 
for this study were between 10 and 13. 


Sample Preparation 


Preparation of homogenates was essen- 
tially the same as previously described." 
Briefly, dissociated cells were resuspended 
in the homogenization buffer (0.32 mol/L of 
sucrose; 5 mmol/L of HEPES, at a pH of 8.0; 
5 mmol/L of benzamidine; 2 mmol/L of 6- 
mercaptoethanol; 3 mmol/L of egtazic acid; 
0.5 mmol/L of magnesium sulfate [MgSO,|; 
0.1 mmol/L of phenylmethylsulfony! fluo- 
ride; 0.1 mg/mL of leupeptin; 0.05 mg/mL of 
pepstatin; and 0.1 mg/mL of aprotinin) and 
homogenized by five strokes of a Teflon 
glass homogenizer. This homogenate was 
fractionated into particulate and soluble 
components, aliquoted, frozen in an ethyl 
aleohol/dry-ice bath, and stored at —70°C 
until used for the phosphorylation reaction. 
The protein concentrations were deter- 
mined by the method of Lowry et al,” using 
plasma globulin (BioRad, Richmond, Calif) 
as the standard. 
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Phosphorylation and Sodium Dodecyl 
Sulfate (SDS)-—Polyacrylamide Gel 
Electrophoresis 


Ten microliters of each fraction in the 
homogenization buffer containing 6.5 ug of 
protein was mixed with 15 uL of reaction 
mixture containing 50 mmol/L of TRIS-hy- 
drochloride, at a pH of 7.6 (all concentra- 
tions are for a final 25-~L volume), 10 
mmol/L of MgSO,, 100 mg/L of protein ki- 
nase A inhibitor (Sigma Chemical Co, St 
Louis, Mo), 5 mmol/L of 6-mercaptoetha- 
nol, 10 „mol/L of adenosine triphosphate, 1 
uCi per tube adenosine triphosphate y-P 
(ICN, Irvine, Calif), and 0.2 mmol/L of 
edetic acid plus or minus PK-C activators 
(0.1 mol/L of phorbol 12-myristate 13-ac- 
etate and 50 mg/L of phosphatidylserine). 
In some assays, 0.5 mmol/L of calcium 
chloride was added as an additional PK-C 
activator. To determine the enzyme activ- 
ity, 10 wg per tube of histone (Type III-S, 
Sigma Chemical Co) was added to the reac- 
tion mixture. The mixture was reacted for 
12 minutes at 30°C. The steady phosphory- 
lation reaction was observed for as long as 
30 minutes under the conditions employed. 

When phorbol 12-myristate 13-acetate/ 
phosphatidyl serine/Ca?* was used as an 
activator, the reaction lasted for 1 minute 
to minimize Ca?*-dependent proteolysis. 
The reaction was stopped by the addition of 
6.3 uL of the 5 X SDS sample buffer con- 
taining 40% glycerol, 25% B-mercaptoeth- 
anol, 12% SDS, 0.31 mol/L of TRIS-hydro- 
chloride (at a pH of 6.8), 25 mmol/L of 
edetic acid, and 0.1% bromophenol blue. 
The samples were then subjected to 6.5% to 
12.5% polyacrylamide gel (1-mm thickness) 
electrophoresis with a 2-cm stacking gel at 
a current of 20 mA per gel. The electro- 
phoresis was stopped when the dye front 
reached 1 cm from the edge of the gel. Gels 
were fixed 1 hour in 10% acetic acid con- 
taining 15% isopropyl alcohol, and stained 
1 hour with 0.2% Coomassie brilliant blue 
in 10% acetic acid and 15% isopropyl alco- 
hol. The destained gel was rinsed 1 hour 
with water, dried, and exposed about 10 
hours to x-ray film (X-Omat RP, Eastman 
Kodak Co, Rochester, NY) with an intensi- 
fying screen (Hi Plus, Du Pont Pharmaceu- 
ticals, Wilmington, Del) at —70°C. After 
autoradiography, dried gels were dissected 
and radioactivity was determined for re- 
spective bands or total lanes by liquid scin- 
tillation counting (TM Analytic, Elk Grove 
Village, Ill). 


Western Blot 


One hundred micrograms of protein from 
each fraction in the SDS sample buffer was 
subjected to SDS/polyacrylamide gel elec- 
trophoresis, electrotransferred to nitrocel- 
lulose paper according to Towbin et al,'* in- 
cubated with 0.1% polysorbate 20 (Tween 
20) in phosphate-buffered saline, and im- 
munostained with goat anti-PK-C antibody 
diluted 1:1000 in 3% bovine serum albumin. 
This antibody has been described pre- 
viously.” The blot was washed with three 
changes of buffer, incubated 1 hour at 4°C 
with rabbit anti-goat IgG (Accurate Chem- 
ical, Westbury, NY) diluted 1:1500 in 3% 
bovine serum albumin, washed again, and 
incubated with 0.5 wCi/mL of protein A'”I 
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Fig 1.—Stimulation of P79 phosphorylation by 
protein kinase C (PK-C) activator. Cytosolic fi- 
broblast proteins (6.5 ug) labeled with adeno- 
sine triphosphate **P under phosphorylation 
conditions with (lane 2) and without (lane 1) 
PK-C activators (phorbol 12-myristate 13-ace- 
tate / phosphatidylserine [PMA/PS]) were sep- 
arated on sodium dodecyl sulfate-polyacryla- 
mide gel electrophoresis. A typical autoradio- 
gram of dried gels is shown. Under the same 
conditions, PK-C activators (PMA/PS) did not 
stimulate the phosphorylation of any protein 
from the particulate fraction. 


(ICN, Irvine, Calif, specific activity >30 
uCi/ug). The washed blot was exposed to x- 
ray film for 3 to 10 hours at —80°C. Care was 
taken to choose the exposure time so that 
the density of band on autoradiograms was 
between 0.8 and 2.0 optical density units, 
where the intensity of band is proportional 
to the amount of protein loaded. 
RESULTS 
An Mr 79000 Protein (P79) Is 
Phosphorylated In Vitro Under PK-C 
Activating Conditions in Fibroblast 
Homogenate 


P79 seems to be a major endogenous 
substrate for PK-C in fibroblast cyto- 
sol. Although P79 phosphorylation 
was stimulated in the presence of the 
PK-C activators phorbol 12-myristate 
13-acetate and phosphatidylserine 
(PMA/PS, Fig 1), these activators did 
not stimulate the phosphorylation of 
any particulate proteins under the 
conditions used. Phosphoproteins with 
a molecular weight around 80000, 
identified as major specific substrates 
for PK-C, are reported in all mamma- 
lian species and in all tissues exam- 
ined, including fibroblasts.”?! They are 
found in the cytosol fraction as a broad 
band on SDS gels and are immunolog- 
ically related. 


' P79 Phosphorylation, % 


Control 


s-AD f-AD 

Fig 2.—Decreased level of the P79 phosphor- 
ylation in Alzheimer’s disease (AD) fibroblasts. 
Radioactivities of the P79 bands as well as all 
lanes were determined by liquid scintillation 
counting. The proportion of P79 phosphor- 
ylation to total phosphorylation was calculated 
and plotted for 11 control, 9 sporadic AD 
(s-AD), and 6 familial AD (f-AD) cases. The dif- 
ference between the groups is significant. 
Control vs s-AD, P< .02; s-AD vs f-AD, 
P < .05; and control vs f-AD, P < .01, by anal- 
ysis of variance. 


P79 Phosphorylation Is Reduced in 
Fibroblasts From Patients With AD 


The in vitro P86 phosphorylation 
has been used as a measure of the PK- 
C-dependent phosphorylation reac- 
tion and found to be altered in AD 
brains.’ We studied P79 phosphoryla- 
tion under PK-C activating conditions 
in homogenates prepared from fibro- 
blasts. Figure 2 compares the P79 
phosphorylation in fibroblast homoge- 
nate from patients with AD with that 
from healthy control individuals. The 
proportion of the P79 phosphorylation 
to the total phosphorylation was 
8.2% +1.3% (SD) -in controls, 
5.3% + 1.0% in patients with familial 
AD, and 6.6% + 1.1% in patients with 
sporadic AD. The P79 phosphorylation 
in familial AD fibroblasts is signifi- 
cantly lower than that in sporadic AD 
(P< .05) or in control fibroblasts 
(P < .01). The P79 phosphorylation in 
sporadic AD fibroblasts was lower 
than that in control fibroblasts 
(P < .02). 


Histone Phosphorylation by PK-C 


Incorporation of ?P from adenosine 
triphosphate *P to exogenously added 
histone was studied in particulate and 
cytosolic fractions of fibroblasts. 
When compared among control, spo- 
radic AD, and familial AD particulate 
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Table 1.— Stimulation of Histone Phosphorylation by the Protein Kinase C Activators 
PMA/PS in Fibroblast Particulate Fractions * 


Histone Phosphorylation, pmol/min per Milligram 
punue 





Fibroblasts — PMA/PS + PMA/PS Difference 
s-AD 8 2.78 + 0.61 3.87 + 1.57 LAS 1.16 
f-AD 8 2.05 + 0.87 3.66 + 2.08 1.61 = 1.31 


* PMA indicates phorbol 12-myristate 13-acetate; PS, phosphatidylserine; s-AD, sporadic Alzheimer’s disease 
(AD); and f-AD, familial AD. The phosphorylation reaction was as described under ‘Materials and Methods” ex- 
cept that 10 ug of histone Ill and 6.5 yg of particulate proteins were included in the reaction mixture. The histone 
band detected by Coomassie blue staining was cut out from dried gel and its radioactivity was determined by 
liquid scintillation counting. Phosphorylation with and without activators as well as the difference between the 
two are shown for control and AD groups. No statistical differences were found between figures in these two 
groups by analysis of variance. 


Table 2.—Stimulation of Histone Phosphorylation by Protein Kinase C Activators 
PMA/PS in Fibroblast Cytosol Fractions * 


Histone Phosphorylation, pmol/min per Milligram 


f-AD 8 1.49 + 0.30 


+ PMA/PS 
3.25 + 0.53 


Difference 
1.85 + 0.74 





4.30 + 2.00 2.81 + 1.78 


* Same as Table 1 except that 6.5 wg of cytosolic proteins was included in the reaction mixture. No statistical 
differences were found in any activities among the three groups by analysis of variance. 


fractions, no significant differences 
were found in (1) incorporation of *P 
in the absence of PK-C activators, (2) 
incorporation of *P in the presence of 
PK-C activators, or (3) PK-C activa- 
tor-dependent incorporation of *P 
(Table 1). Similar results were ob- 
tained with cytosolic fractions (Table 
2). 


immunodetection of PK-C 


To quantify PK-C directly, a poly- 
clonal goat antibody against PK-C 
that had been used in a previous 
study’? was employed in Western blot 
analysis. This antibody stained a ma- 
jor Mr 80000 band in the particulate 
and the cytosolic fraction of fibro- 
blasts (Fig 3). 


AD Fibroblasts Contain Less PK-C-like 
immunoreactivity Than Do Control 
Fibroblasts 


The Mr 80000 band, which stains 
with anti-PK-C, was quantified by 
scanning the autoradiogram of the 
Western blot of particulate and cyto- 
solic fractions prepared from control 
and AD fibroblasts. In the particulate 
fraction, the concentration of PK-C- 
like immunoreactivity in familial AD 
fibroblasts was lower than in control 
fibroblasts (P < .02, Fig 4). That of 
sporadic AD fibroblasts was not sig- 
nificantly different from control fibro- 
blasts. In the cytosolic fraction, how- 
ever, the concentration of PK-C in 
sporadic and familial AD fibroblasts 
was lower than that in control fibro- 


Arch Neurol—Vol 46, November 1989 


blasts (P < .02, Fig 5). We noticed that 
a case that showed a lower particulate 
PK-C level had a higher cytosolic PK- 
C level, and two cases that showed low 
cytosolic PK-C levels had high partic- 
ulate PK-C levels. Thus, the level of 
total PK-C was determined for the to- 
tal homogenate. In the total homoge- 
nate, the concentration of PK-C in 
sporadic AD fibroblasts was 79% of 
control (P < .05), and that in familial 
AD fibroblasts was 65% of control 
(P < .001). In this case, control and fa- 
milial AD cases did not overlap (Fig 6). 


COMMENT 


One of the characteristic abnormal- 
ities in AD is the selective degenera- 
tion of neurons.’ Protein kinase C, 
which is important for the function of 
neuronal trophic factors such as nerve 
growth factor and ciliary neu- 
ronotrophic factor,”* is apparently 
abnormally regulated in AD brain.’ 
This biochemical abnormality may be 
restricted to central neurons that de- 
generate, or it may be found in any cell, 
although the abnormal cell death in 
AD has been detected only in the brain. 
Our results show that levels of PK-C- 
like immunoreactivity and the degree 
of in vitro phosphorylation of P79 me- 
diated by PK-C are reduced in fibro- 
blasts from patients with AD, suggest- 
ing a general systemic defect. Because 
the abnormal PK-C-mediated phos- 
phorylation is detected not only in the 
brain but also in fibroblasts, it is pos- 
sible that this biochemical change is in 





Fig 3.—Protein kinase C (PK-C)-like immuno- 
reactivity in the fibroblast. Proteins (100 ug) 
from particulate (P) and cytosolic (C) fractions 
of a fibroblast homogenate were separated on 
sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis, electrotransferred onto nitro- 
cellulose papers, and immunostained with an 
anti-(PK-C) polyclonal antibody. A typical au- 
toradiogram is shown. The arrow shows the Mr 
80 000 PK-C band. The identification of lower- 
molecular-weight bands awaits further study. 
This figure shows the result from two different 
control fibroblast samples. Alzheimer’s dis- 
ease fibroblast samples gave essentially the 
same immunostaining pattern and therefore 
are not shown. TD indicates tracking dye. 


the cascade of AD pathogenesis and 
not merely a secondary result of neu- 
ronal loss. It has been an attractive 
hypothesis that a lack of neurotrophic 
factors such as nerve growth factor is 
responsible for neuronal degeneration 
in AD.” However, normal levels of 
nerve growth factor have been found in 
brain tissues from patients with AD.” 
Neurons would degenerate if the in- 
tracellular machinery, including PK- 
C, were abnormal and not responsive 
to neurotrophic factors, despite nor- 
mal concentrations of neurotrophic 
factors in AD. 

Decreased levels of PK-C activity in 
AD fibroblasts are not detected when 
exogenous histone is used as substrate, 
whereas in vitro phosphorylation of 
P79 by endogenous PK-C is decreased. 
There are several explanations for this 
apparently contradictory result: PK-C 
activity in the AD samples may be dif- 
ferent from that in the control samples 
in that the former phosphorylates P79 
less efficiently than histone, whereas 
the latter phosphorylates both sub- 
strates efficiently. It is also possible 
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Particulate PK-C Relative to Control 


s-AD f-AD 


Fig 4.—The quantification of protein kinase C 
(PK-C) immunoreactivity in the fibroblast par- 
ticulate fraction. Autoradiograms of PK-C im- 
munoblots from 9 control, 7 sporadic Alzhei- 
mer’s disease (AD) (s-AD), and 6 familial AD 
(f-AD) particulate samples were quantified us- 
ing a scanning densitometer. PK-C immunore- 
activity of individual samples is normalized to 
the mean immunoreactivity of control samples, 
which is set to one. Mean PK-C immunoreac- 
tivity of s-AD fibroblasts was not different from 
control. Mean PK-C immunoreactivity of f-AD 
fibroblasts was different from control fibro- 
blasts (P < .02). Data were analyzed by anal- 
ysis of variance. 


Control 


that P79 in AD fibroblasts is more 
highly phosphorylated than in control 
fibroblasts and is, therefore, not a good 
in vitro substrate for PK-C. Another 
possibility is that there is a decreased 
concentration of P79 in the AD sample. 
Purified P79 and an antibody to P79 
are essential to select between these 
potential explanations. 

The detection of PK-C-like immu- 
noreactivity demonstrated decreased 
levels in AD fibroblasts relative to 
control fibroblasts. This result appar- 
ently contradicts that of the PK-C-de- 
pendent histone kinase activity in that 
the AD homogenate was as active as 
the control homogenate, resulting in a 
higher specific activity of PK-C in AD. 
Several possible explanations for this 
discrepancy exist. First, PK-C activity 
with exogenous histone does not nec- 
essarily reflect the concentration of 
PK-C because of stimulatory and in- 
hibitory factors in the crude cytosolic 
fraction. For example, the concentra- 
tion of a PK-C inhibitor may be re- 
duced in AD cell, leading to normal 
levels of PK-C activity despite reduced 
PK-C concentration. In this context, 
the calmodulin concentration of AD 
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Fig 5.—The quantification of protein kinase C 
(PK-C) immunoreactivity in fibroblast cytosol 
fractions. Same as Fig 4, except cytosol frac- 
tions from 8 control, 8 sporadic Alzheimer’s 
disease (AD) (s-AD), and 7 familial AD (f-AD) 
samples were used. Sporadic and familial AD 
fibroblasts were different from control in their 
PK-C immunoreactivity (P < .02 by analysis of 
variance). 


Control 


brain was reported to be lower than 
that of control brain tissue?’ and that 
PK-C activity may be inhibited by 
calmodulin.'*”° If the systemic nature 
of AD holds regarding calmodulin con- 
centration, the reduced calmodulin in 
AD cells may account for the appar- 
ently higher specific activity of PK-C 
in AD fibroblasts. Second, it is possible 
that our antibody, which recognizes 
types I, II, and III PK-C encoded by y, 
8, and a genes,* may not recognize 
some other isoforms of PK-C, and the 
quantification of PK-C-like immuno- 
reactivity by blot may only reflect the 
total concentration of types I, II, and 
III PK-C. Because there are as many as 
seven possible isoforms of PK-C,” this 
possibility must not be neglected. 
Third, the presence of PK-C-like im- 
munoreactivity without PK-C activity 
in control cells, but not in AD cells, is 
another possibility. In fact, such a 
PK-C-like protein without activity 
was reported in PK-C-depleted cells.” 
Fourth, it is possible that the Mr 80 000 
PK-C band is preferentially degraded 
in AD fibroblasts and detected as low- 
er-molecular-weight bands on an im- 
munoblot while the PK-C activity re- 
mains intact. 

Protein kinase C is known to be 
cleaved to a smaller (Mr 45000 to 
50000) PK-C activator-independent 
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Fig 6.—The quantification of protein kinase C 
(PK-C) immunoreactivity in the total fibroblast 
homogenate. Same as Fig 4, except total ho- 
mogenates from 6 control, 7 sporadic Alzhei- 
mer’s disease (AD) (s-AD), and 7 familial AD 
(f-AD) samples were used for comparison. The 
difference between the groups is significant. 
Control vs s-AD, P< .05; s-AD vs f-AD, 
P < .05; and control vs f-AD, P < .001, by 
analysis of variance. 


Control 


kinase” and a Ca?*-independent phor- 
bol ester-binding protein (Mr 32000 to 
38 000).°* The survey of our immuno- 
blot reveals some smaller-molecular- 
weight bands, among them the Mr 
45 000 to 50000 and Mr 34000 to 38 000 
immunoreactive bands, that are possi- 
ble proteolytic fragments of the Mr 
80000 band, although no quantitative 
differences existed in these smaller 
species between the control and the 
AD samples. Thus, we have no evi- 
dence for selective degradation of the 
Mr 80000 band in AD cells. Finally, 
increased calcium levels of fibroblasts 
from patients with AD" might have 
accounted for the higher specific activ- 
ity of PK-C in AD samples because the 
stimulation of PK-C activity is ex- 
tremely sensitive to the calcium con- 
centration, and more calcium may 
have been carried into the assay from 
the AD fibroblast samples than from 
the control samples. However, we 
lacked supportive evidence for this 
idea. The specific activity of PK-C in 
AD samples was higher than in control 
samples even when 0.5 mmol/L of ex- 
ogenous Ca’ was added to the PK-C 
assay mix. Future studies will be nec- 
essary to explain the apparent contra- 
diction of PK-C immunoreactivity be- 
ing reduced while histone phosphor- 
ylation levels remain the same. 
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Herein, we are left with a difficult 
question. If the total PK-C activity in 
AD fibroblasts is not altered, is there 
any biologic effect of reduced PK-C 
concentration in AD cells? In our study 
PK-C activity was measured with his- 
tone, which is not a natural substrate. 
Because PK-C activity depends on the 
substrate used, it is possible that bio- 
logically significant PK-C activity on 
certain substrates, such as P79, is re- 
duced in AD cells. It is tempting to 
speculate that some compensatory 
mechanisms restore, to some extent, 
total PK-C activity in AD cells for 
them to grow normally, although al- 
tered PK-C in fibroblasts from pa- 
tients with AD may influence a num- 
ber of parameters. For example, re- 
duced PK-C has been associated with 
decreased (-adrenergic-stimulated 
cyclic adenosine monophosphate 
production,” reduced secretion,” and 
altered calcium levels.**° Thus, many 
biochemical changes such as altered 
receptor-stimulated cyclic adenosine 
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monophosphate formation,” de- 
creased secretion of a trophic factor," 
and reduced free calcium, but in- 
creased total calcium," in fibroblasts 
from patients with AD, are possibly 
secondary to reduced PK-C. 

Reduced levels of amyloid 8-protein 
precursor expression have been found 
in some familial AD fibroblasts but not 
in sporadic cases, suggesting two sub- 
types of AD." Possible subtyping of 
AD based on the peripheral biochem- 
ical and biophysical markers has been 
reported by other investigators.*”’ In 
our study, differences between spo- 
radic and familial AD fibroblasts were 
also observed. The degree of P79 phos- 
phorylation in vitro was markedly re- 
duced in familial AD cells as compared 
with control cells. Its reduction in spo- 
radic samples was less marked. In ad- 
dition, in the total homogenate, the 
PK-C-like immunoreactivity was 
markedly diminished in familial AD 
fibroblasts; its reduction in sporadic 
cases was significant but less remark- 


References 


Alzheimer’s disease. Ann Neurol. 1987;21:95-98. 

15. McSwigan JD. Alzheimer’s disease fibro- 
blasts accumulate more cyclic AMP in response to 
B-adrenergic stimulation vs normal fibroblasts. 
Soc Neurosci Abstr. 1986;12:1316. 

16. Saitoh T, Dobkins K. Protein kinase C in 
human brain and its inhibition by calmodulin. 
Brain Res. 1986;379:196-199. 

17. Lowry OH, Rosebrough NJ, Farr AL, Ran- 
dall RJ. Protein measurement with the Folin 
phenol reagent. J Biol Chem. 1951;193:265-275. 

18. Towbin H, Staehelin T, Gordon J. Electro- 
phoretic transfer of proteins from polyacryla- 
mide gels to nitrocellulose sheets: procedure and 
some applications. Proc Natl Acad Sci USA. 
1979;76:4350-4354. 

19. Huang K-P, Huang FL. Conversion of pro- 
tein kinase C from a Ca**-dependent to an inde- 
pendent form of phorbol ester-binding protein by 
digestion with trypsin. Biochem Biophys Res 
Commun. 1986;139:320-326. 

20. Albert KA, Wu WC-S, Nairn AD, Green- 
gard P. Inhibition by calmodulin of calcium/ 
phospholipid-dependent protein phosphoryla- 
tion. Proc Natl Acad Sci USA. 1984;81:3622-3625. 

21. Blackshear PJ, Witters LA, Girard PR, Kuo 
JF, Quamo SN. Growth factor-stimulated protein 
phosphorylation in 3T3-L1 cells. J Biol Chem. 
1985;260;13304-13315. 

22. Hama T, Huang K-P, Guroff G. Protein ki- 
nase C as a component of nerve growth factor- 
sensitive phosphorylation system in PC12 cells. 
Proc Natl Acad Sci USA. 1986;83:2353-2357. 

23. Montz HPM, Davis GE, Skaper SD, Man- 
thorpe M, Varon S. Tumor promoting phorbol di- 
ester mimics two distinct neuronotrophic factors. 
Dev Brain Res. 1985;23:150-154. 

24. Appel SH. A unifying hypothesis for the 
cause of amyotrophic lateral sclerosis, parkinson- 
ism, and Alzheimer disease. Ann Neurol. 1981; 
10:499-505. 

25. Hefti F. Is Alzheimer disease caused by lack 
of nerve growth factor? Ann Neurol. 1983;13:109- 
110. i 

26. Goedert M, Fine A, Hunt SP, Ullrich A. 
Nerve growth factor mRNA in peripheral and 
central rat tissues and in the human central ner- 
vous system: lesion effects in the rat brain and 
levels in Alzheimer’s disease. Mol Brain Res. 
1986;1:85-92. 

27. Crapper-McLachlan DR, Wong L, Bergeron 


able. Thus, the difference in the abnor- 
mality of PK-C-dependent phosphory- 
lation and immunoreactivity between 
sporadic and familial AD is quantita- 
tive rather than qualitative, sugges- 
tive of a role in a final common path- 
way in AD pathogenesis. 


This research was supported by grant 86-89629 
from the California State Department of Health 
Services, Sacramento, Calif; grant 11-86-091 from 
the Alzheimer’s Disease and Related Disorders 
Association, Chicago, Ill; the McKnight Founda- 
tion, Minneapolis, Minn; the Pew Charitable 
Trust, Baltimore, Md; the Sandoz Foundation for 
Gerontological Research, Hanover, NJ; and 
grants AG05386 and AG05131 from the National 
Institutes of Health, Bethesda, Md. 

Fibroblasts from patients with familial AD 
were obtained from the repositories of the Na- 
tional Institute of Aging, Camden, NJ (AG4400, 
AG4402, AG5809, AG5810, AG6205, AG6869), and 
from J. Edwin Seegmiller, MD, of the Institute for 
Research on Aging at the University of Califor- 
nia, San Diego. 

Robert Terry, MD, critically read this as a 
manuscript, and Robert Davignon, MS, and Isa- 
belle Hafner gave editorial help in preparing it. 
Sandra Harris and Sandra A. Lehmann gave as- 
sistance in the initial stages of this research. 


C, Baimbridge KG. Calmodulin and calbindin Dsk 
in Alzheimer disease. Alzheimer Dis Assoc Dis- 
ord. 1987;1:171-179. 

28. Huang FL, Yoshida Y, Nakabayashi H, et 
al. Immunochemical identification of protein ki- 
nase C isozymes as products of discrete genes. 
Biochem Biophys Res Commun. 1987;149:946-952. 

29. Ono Y, Fujii T, Ogita K, et al. Identification 
of three additional members of rat protein kinase 
C family: ô-, X- and ¢-subspecies. FEBS Lett. 
1987;226:125-128. 

30. Borner C, Eppenberger U, Wyss R, Fabbro 
D. Continuous synthesis of two protein kinase C- 
related proteins after down-regulation by phorbol 
esters. Proc Natl Acad Sci USA. 1988;85:2110-2114. 

31. Kishimoto A, Kajikawa N, Shiota M, Nish- 
izuka Y. Proteolytic activation of calcium-acti- 
vated, phospholipid-dependent protein kinase by 
calcium neutral protease. J Biol Chem. 1983; 
258:1156-1164. 

32. Huang K-P, Huang FL. Immunochemical 
characterization of rat brain protein kinase C. 
J Biol Chem. 1986;261:14781-14787. 

33. Fishman PH, Sullivan M, Patel J. Down- 
regulation of protein kinase C in rat glioma C6 
cells: effects on the 6-adrenergic receptor-coupled 
adenylate cyclase. Biochem Biophys Res Com- 
mun. 1987;144:620-627. 

34. Mazurek N, Regazzi R, Borner C, et al. Al- 
tered protein kinase C in a mast cell variant de- 
fective in exocytosis. Proc Natl Acad Sci USA. 
1987;84:1277-1281. 

35. Rasmussen H. The calcium messenger sys- 
tem. N Engl J Med. 1986;314:1164-1170. 

36. Smallwood JI, Gugi B, Rasmussen H. Reg- 
ulation of erythrocyte Ca** pump activity by pro- 
tein kinase C. J Biol Chem. 1988;263:2195-2202. 

37. Volicer L, Greene L, Sinex FM. Epineph- 
rine-reduced cyclic AMP production in skin fibro- 
blasts from patients with dementia of Alzheimer 
type and controls. Neurobiol Aging. 1985;6:35-38. 

38. Duijndam-Van den Berge M, Goekoop JG. 
Lymphocyte concanavalin A capping: a similarity 
between Down’s syndrome and early onset pri- 
mary degenerative dementia. J Neurol Neurosurg 
Psychiatry. 1986;49:595-598. 

39. Zubenko GS, Wusylko M, Cohen BM, Boller 
F, Teply I. Family study of platelet membrane 
fluidity in Alzheimer’s disease. Science. 1987; 
238:539-542. 


Protein Kinase C—Huynh et al 1199 














ee 


JANUARY 17-18-19, 1990 


co-sponsored by the 


Course Directors: 


Edward F. Downing, M.D., 
William N. Wessinger, M.D., 
Susan Mitchell, Ed.D., 
Stewart Willason, Ph.D. 


SYMPOSIUM FORMAT 


WORKSHOPS: 7:30 a.m. - 1:30 p.m. each day. An inten- 
sive series of hands-on exercises utilizing appropriate 
animal bones, skeletal bones, etc.: 


Orthopaedic Surgeons—dissection in small bones, 
large bones, spines, joint replacement, revision 
surgery, methylmethacrylate, polyethylene, and 

biometals, including broken stem extraction. 


Neurosurgeons—dissection skills for bonework of 
the cranium and spine, including attention to bio- 
plastics and biometals applicable to neurosurgery. 


NEW YORK CITY 


“Modern Dissection Techniques 
Of Bone, Biometals, 


Bioceramics, and Bio eo 
(NEURO / ORTHO 


Separate Hands-On Workshops for Neurosurgeons and Orthopaedic Surgeons 


MEMORIAL MEDICAL CENTER, 
SAVANNAH, GEORGIA 


and 


MIDAS REX™ Institute 

















ACCOMMODATIONS: Marriott's Casa Marina Resort, - > 
1500 Reynolds Street, Key West, Florida 33040. Phone: ‘ N 


305-296-3535. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident 
$585.00 (with letter from Department Head); RN/CST/ 
PA/Other $250.00. Make check to “Key West Midas 
Rex Symposium, 2929 Race Street, Fort Worth, TX 


76111. Phone: 800-433-7639. 


CREDIT: 18 Hours CME Category 1. 


Join the more than 7,300 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,700 Orthopaedic Surgeons; 1,500 Neurosurgeons; 2,100 OR Personnel) 





MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 


115 E. 61st Street (between Park and Lexington) 
“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 


(NEURO 700) * 


For NEUROSURGEONS, PLASTIC, ENT, CRANIOFACIAL, 


and MAXILLOFACIAL SURGEONS 
DECEMBER 4-5-6 + 7-8-9 18-19-20, 1989 
JANUARY 8-9-10 + 25-26-27, 1990 
FEBRUARY 8-9-10 * 15-16-17, 1990 
MARCH 1-2-3 -+ 19-20-21 * 26-27-28, 1990 


(ORP 700)* 
For OR PERSONNEL only: 
FEBRUARY 19-20-21, 1990 


WORKSHOPS: The workshops are held each day from 
7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 
tured exercises, utilizing appropriate animal bones, skeletal 

bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the 


cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL—dissection skills = = 
to become familiar with the applica- 
tions of power instrumentation; dis- 
cussion of and participation in prob- 
lem solving, care, and proper main- 
tenance of power equipment. 


iil 


mt 


H WAI 
AHH A 


} 
itt 


MH RARE 


Wi 


wll a 


lI 


AREA ATTRACTIONS: 


SIGHTSEEING—Bronx Zoo, Brooklyn Botanic Garden, Coney 
Island, Empire State Building, New York Aquarium, Staten 
Island Zoo, United Nations. 


ART—American Museum of Natural History, Bronx Museum 
of the Arts, Brooklyn Museum, Solomon R. Guggenheim 
Museum, Metropolitan Museum of Art, Museum of a 

rt. 


MUSIC, DANCE AND THEATER—Camegie Hall, Lincoln 
Center, Lehman Center for Performing Arts, Metropolitan 
Opera, and a wide variety of Broadway and off Broadway 

plays in the evenings. 


Š SPORTS—Baseball, football, basketball, hockey, boxing, etc. 


in season. 


ENROLLMENT: Fee (US$): Surgeon $965.00; Resident 
$585.00 (with letter from Department Head); All Operating 
Room Personnel (RN/CST/PA/Other) $250.00. Make check 
to "New York City Symposium.” Mail to: Midas Rex Institute, 
2929 Race Street, Fort Worth, Texas 76111. Phone: 800-433- 
7639 or 817-831-2604. 

“Enrollment is limited. Please call to reserve space before 
sending check or arranging travel plans. All enrollments 
are made oe the Midas Rex office in Fort Worth. 

= Join the more than 7,800 
enrollees who have completed 

Midas Rex Hands-On Workshops. 

(3,900 Orthopaedic Surgeons; 

1,650 Neurosurgeons; 

2,300 OR Personnel) 


iii 













Rad 


Cultured Cells as a Screen for Novel Treatments 
of Alzheimer’s Disease 


Beth A. Malow, MD; Andrea C. Baker; John P. Blass, MD, PhD 


@ Two easily measured abnormal prop- 
erties of fibroblasts from patients with 
Alzheimer’s disease have been utilized to 
develop an in vitro test system for screen- 
ing novel therapeutic agents for Alzhei- 
mer’s disease. The abnormal properties 
selected for study were increased isopro- 
terenol-stimulated cyclic adenosine 
monophosphate production and de- 
creased pH (measured by the weak-acid 
distribution method). -Carnitine was 
tested as a potential therapeutic agent, 
since it has been used to treat a variety of 
experimental metabolic encephalopa- 
thies. The addition of L-carnitine normal- 
ized both of these properties in the Alz- 
heimer cells. Tissue culture may aid as a 
preliminary screen for identifying novel 
approaches to the treatment of Alzhei- 
mer’s disease. 

(Arch Neurol. 1989;46:1201-1203) 


he need for better treatments for 

Alzheimer’s disease is widely rec- 
ognized. Current therapeutic ap- 
proaches to this disorder focus on the 
neurotransmitter deficits. For in- 
stance, tetrahydroaminoacridine, a 
cholinesterase inhibitor now under ac- 
tive investigation, is designed to ame- 
liorate the cholinergic deficit.'! Treat- 
ments at the neurotransmitter level 
are, however, likely to be at best pal- 
liative. There is no reason to expect 
them to interfere with the relentless 
progression of neuronal degeneration 
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and death, which is the underlying 
cause of the defects in neurotransmis- 
sion. The few therapeutic trials with 
agents designed to treat defects in 
Alzheimer cells have not yielded dra- 
matic results. There is, therefore, a 
pressing need to develop tools to iden- 
tify medications that may ameliorate 
the underlying cellular defects. 

Tissue culture may provide such a 
tool. In theory, agents that normalize 
the cell biological abnormalities in 
cultured cells from patients with 
Alzheimer’s disease might ameliorate 
the fundamental abnormalities in 
Alzheimer neurons in vivo. An advan- 
tage of the tissue culture system is that 
it allows systematic screening of com- 
pounds of diverse type relatively rap- 
idly, at low cost, and at no risk to the 
patients. This in vitro approach is for- 
mally analogous to in vitro screening 
for new antibiotics or mutagens/ 
carcinogens.’ 

There are multiple reports of abnor- 
malities in cultured fibroblasts from 
patients with Alzheimer’s disease, in- 
cluding several reports of abnormali- 
ties in calcium homeostasis, glucose 
metabolism, and DNA repair, and a 
report of decreased production of a 
cholinergic growth factor.’ This tis- 
sue culture system is being used in a 
number of laboratories to explore cel- 
lular abnormalities in Alzheimer’s dis- 
ease. Precedents for using skin cells 
to study diseases that are not prima- 
rily disorders of the skin include 
the hypercholesterolemias and a num- 
ber of disorders of the brain, includ- 
ing, for instance, the gangliosidoses* 
and, more recently, the chemical ab- 
normalities in Huntington’s disease 
cells.’ 

The present study explores the util- 


ity of these readily available cultured 
cells in the preliminary screening of 
novel therapeutic agents. Easily mea- 
sured properties that proved abnormal 
in Alzheimer cells were utilized as a 
test system: isoproterenol-stimulated 
cyclic adenosine monophosphate 
(AMP) production and apparent pH. 
L-Carnitine, which has been used ther- 
apeutically in a number of neurometa- 
bolic disorders, reversed the abnor- 
malities in the cultured cells.° 


MATERIALS AND METHODS 
Cell Cultures 


A total of 15 Alzheimer lines and 18 con- 
trol lines from the Coriell Institute (Cam- 
den, NJ) were studied, as cited below. Cells 
were plated at 1 X 10* cells per centimeter 
in Dulbecco’s modified eagle’s medium con- 
taining 20% heat-inactivated fetal calf se- 
rum, 1% amphotericin B (Fungizone), 1% 
penicillin-streptomycin, and either 0.6 
mmol/L of L-carnitine (positive carnitine 
condition) or no added carnitine (standard 
condition). Cells with and without addition 
of carnitine were in neighboring wells on 
the same plate. L-Carnitine (Chemical Dy- 
namics, South Plainfield, NJ) was stored 
desiccated at room temperature in amber 
containers; stock solutions were prepared 
every 2 weeks. The cells were studied at 6 or 


7 days after subculture, when they were - 


heavily confluent by phase microscopy. 
Control and patient cells were studied si- 
multaneously and at closely comparable 
passage numbers, between passages 5 and 
15. 


Cyclic AMP 


Fibroblast lines were from 10 patients 
with familial Alzheimer’s disease 
(AG0364B, AG4402, AG4159, AG5809, 
AG5810A, AG6264, AG6265, AG6844, 
AG6848, and AG8170) and from 10 age- and 
sex-matched apparently normal individu- 
als without evidence of chromosomal ab- 
normalities (AG0288A, AG1681, AG2261A, 
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Cyclic adenosine monophosphate (AMP) lev- 
els in Alzheimer and control fibroblasts grown 
with (shaded bars) and without (unshaded 
bars) 0.6 mmol/L of L-carnitine. Cells were 
treated with 10 mol/L of isoproterenol and 10 
mmol/L of theophylline. Each bar represents 
the mean +SEM (n = 10). The asterisk indi- 
cates P < .03 vs standard control by grouped 
t test, P < .02 vs standard control by paired t 
test, and P< .005 vs L-carnitine-treated 
Alzheimer by paired ż test. 


AG3524, AG38529, AG3658, AG4148A, 
AG5270, AG6858, and AG8701). 

For each experiment, growth medium 
was removed and the cells were washed two 
times with phosphate-buffered saline, and 
then 2 mL of phosphate-buffered saline 
containing (freshly diluted) 10 pmol/L of 
isoproterenol and 10 „mol/L of theophyl- 
line was added, either with 0.6 mmol/L of 
carnitine (positive carnitine condition) or 
without carnitine (standard condition). Af- 
ter 10 minutes at 37°C, the reaction mix was 
rapidly replaced with ice-cold 0.2 mol/L 
perchloric acid-4.5 mmol/L of ethylenedi- 
aminetetraacetic acid. Total time to termi- 
nating the reaction for a six-well plate was 
15 seconds or less. Cyclic AMP was mea- 
sured on the neutralized supernatant by 
radioimmunoassay (with the Amersham 
[Arlington Heights, Il] TRK.482 kit) and 
protein on the precipitate by the Lowry 
technique. Assays were in duplicate. Recov- 
ery of added, exogenous cyclic AMP 
through this procedure was 95% to 98% of 
expected. 


Intracellular pH 


The effect of L-carnitine on apparent in- 
tracellular pH was studied in six familial 
Alzheimer fibroblast lines (AG4401A, 
AG4402, AG5809, AG4159, AG7367, and 
AG6844) and six age- and sex-matched 
controls (AG6236, AG8179, AG8701, 
AG5270, AG6010, and AG6288). Apparent 
intracellular pH only was studied in an ad- 
ditional five Alzheimer lines (AG6264, 
AG6262, AG5770, AG6265, and AG6205) 
and five controls (AG7302, AG5266, 
AG3601, AG8179, and AG4461). 

Cultures were washed with phosphate- 
buffered saline at pH 7.2 and equilibrated 
for 60 minutes at pH 7.0 and 37°C in bicar- 
bonate-free medium containing 130 mmol/ 
L of sodium chloride, 5 mmol/L of potas- 
sium chloride, 2 mmol/L of calcium chlo- 
ride, 1 mmol/L of magnesium chloride, 20 
mmol/L of N-2-hydroxy ethylpiperazine- 
N-2-ethane sulfonic acid and carbon 14 
benzoic acid (1 wCi/mL), either with 0.6 
mmol/L of carnitine (positive carnitine 
condition) or without (standard condition). 
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Table 1.—Benzoic Acid Uptake and Calculated pH in Fibroblast Lines Grown Under 
Standard Conditions * 


Variable 
Control 
Alzheimer 


* Values are expressed as means + 
tP < .05. 


dpm/ug Protein 
BrT + 7.4 (11) 

49.6 + 2.5 (11)t 
SEM (n). dpm indicates disintegrations per minute. 


7.03 + TTT 
6.89 + 0.02 (11)ł 





+P < .02 vs controls. The increased significance after the logarithmic transformation is expected. 


Table 2.—Effect of L-Carnitine on Fibroblast pH* 


Variable 
Control 
Alzheimer 





itch. 2...) AAO Conditions 


7.03 + 0.07 (6) 
6.88 + 0.03 (6)t 


Positive L-Carnitine 
7.08 + 0.13 (6) 
7.09 + 0.06 (6)+ 


* Values are expressed as means + SEM (n). Results were similar over a range of concentrations of carbon 
14 benzoic acid. For calculation of pH, disintegrations per minute were normalized to a standard of 10* dpm/uL 


in the incubation media. 


tP < .02 vs control grown under standard conditions. 


+P < .02 vs Alzheimer grown under standard conditions. 


Each condition was in triplicate. Incubation 
was terminated by rapidly dipping the 
wells three times in large volumes of ice- 
cold phosphate-buffered saline. Adherence 
of extracellular water was measured with 
radiolabeled sucrose and was negligible un- 
der these conditions (ie, radioactivity in the 
adherent sucrose space was at background 
or within a few counts of it). Cells were sol- 
ubilized in 0.1N sodium hydroxide for de- 
termination of radioactivity by scintilla- 
tion counting and of protein by the Lowry 
method. Apparent pH was calculated from 
the uptake of ['*C]benzoic acid per micro- 
gram of protein by the Nernst equation, as 
described elsewhere.’ 


RESULTS 
Growth Characteristics 


Growth characteristics of Alzhei- 
mer and control cultures were compa- 
rable, in agreement with earlier re- 
sults. Doubling times were similar for 
control and Alzheimer cells, which 
were at confluence for similar lengths 
of time. Mean (+SEM) fibroblast pro- 
tein per unit surface area for the 15 
Alzheimer lines and the 18 control 
lines was 1.9 + 0.3 and 1.7 + 0.1 ug/ 
mm’, respectively. 


Cyclic AMP 


Alzheimer fibroblasts produced 
nearly twice as much cyclic AMP in 
response to isoproterenol stimulation 
as did controls, and treatment with 
carnitine normalized that difference 
(Figure). In the standard (no added 
carnitine) condition, mean (+SEM) 
levels of cyclic AMP were 102.6 + 15.4 
pmol/mg of protein per minute for the 
10 Alzheimer lines and 57.8 + 7.6 for 
the 10 controls (P = .022). The addition 
of 0.6 mmol/L of carnitine reduced the 
value for the Alzheimer cells signifi- 


, 


cantly to 67.9 + 10.5 (P= .003 by 
paired ¢ test, compared with Alzhei- 
mer cells without added carnitine). 
After the addition of carnitine, the 
value for the Alzheimer cells did not 
differ significantly from that for the 
controls. The levels of cyclic AMP pro- 
duction in the control cells were com- 
parable whether or not carnitine was 
added: 57.8 + 7.6 in the standard con- 
dition, and 61.1 + 7.5 in the positive 
carnitine condition. Results were sim- 
ilar when the effects of higher concen- 
trations of carnitine (1.2 and 1.6 
mmol/L) were tested. 


pH 


Under standard conditions, the cal- 
culated pH of Alzheimer fibroblasts as 
measured by distribution of radiola- 
beled benzoic acid was slightly lower 
than in age- and sex-matched control 
lines (Tables 1 and 2). The addition of 
0.6 mmol/L of L-carnitine to the 
growth and incubation media normal- 
ized that difference (Table 2). 


COMMENT 


The aim in these studies was to ex- 
ploit easily measured abnormalities in 
Alzheimer cells to set up a screen for 
potential therapeutic agents. Exces- 
sive production of cyclic AMP by 
Alzheimer fibroblasts in response to 
isoproterenol has been reported in ab- 
stract by two groups,*’ is easily mea- 
sured, and was readily reproducible in 
this laboratory. Previous studies indi- 
cating mitochondrial uncoupling and 
excessive lactate production in Alz- 
heimer cells’! suggested the existence 
of a small decrease in intracellular pH, 
which would be expected to lead to a 
small decrease in weak-acid uptake by 
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the Alzheimer cells. Such a decrease 
was found and was also easily mea- 
sured. Other workers using a fluores- 
cent method have claimed that the pH 
of Alzheimer fibroblasts is comparable 
with that of controls, but the details of 
their studies were not reported.” 
Whether the decrease in weak-acid 
uptake results from a true decrease in 
intracellular pH or from some other 
property of the Alzheimer cells re- 
mains, therefore, to be determined. 

L-Carnitine was chosen as a poten- 
tial therapeutic agent to be screened 
for several reasons. L-Carnitine has 
been used to treat a number of neuro- 
logical disorders that involve mito- 
chondrial abnormalities, including not 
only primary disorders of carnitine 
metabolism” but also such disparate 
conditions as organic acidemias with 
secondary carnitine deficiencies,’ 
Reye’s syndrome,'> valproate toxic- 
ity, and a wide variety of animal 
model disorders, including cerebral 
ischemia” and other metabolic 
encephalopathies.'*'’ Carnitine has 
ameliorated the effects of experimen- 
tally induced mitochondrial abnor- 
malities in oxidative phosphory- 
lation.”” Alzheimer’s disease is a neu- 
rological disorder that appears to 
involve mitochondrial abnormalities, 
notably in oxidative phosphor- 
ylation.'®*!'7! Furthermore, a carnitine 
derivative, acetylcarnitine, is being 
used in Europe to treat Alzheimer’s 
disease putatively at the cellular 
level.” 

The major known action of carnitine 
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is as a transmitochondrial carrier of 
acyl residues. In tissues such as 
muscle, it plays a major role in fatty 
acid oxidation. In brain, which does 
not utilize fatty acids effectively, car- 
nitine appears to have a role in trans- 
port of acetyl groups and has been 
proposed to have a specific role in neu- 
rons that synthesize acetylcholine.” 
The direct cholinomimetic actions of 
carnitine and acetylcarnitine are very 
weak”; carnitine can also reportedly 
compete with y-aminobutyric acid for 
uptake mechanisms.” Carnitine has 
been proposed to protect against the 
effects of mitochondrial damage by 
buffering the accumulation of 
acyl-coenzyme A esters that are toxic 
to mitochondria.’ It is not demethy- 
lated in the body and is therefore not 
an effective dietary precursor of 
“active methyl” groups.” 

The focus of the study described here 
was not to explain the abnormalities in 
the Alzheimer cells but to utilize them; 
other investigations to elucidate the 
mechanisms underlying these abnor- 
malities are ongoing. Both the mecha- 
nisms exploited in this study involve 
membrane functions. Isoproterenol- 
stimulated cyclic AMP production in- 
volves membrane-mediated signal 
transduction; weak-acid accumulation 
involves membrane-mediated trans- 
port. Abnormalities in these proper- 
ties in Alzheimer’s disease fibroblasts 
agree with other data implicating 
membrane abnormalities in Alzhei- 
mer’s disease cells. The normalization 
of these membrane-related phenom- 
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ena by a treatment (with L-carnitine) 
designed to act on the mitochondrial 
abnormality suggests a relationship 
between the mitochondrial and mem- 
brane abnormalities. Agents that 
ameliorate the abnormalities in 
Alzheimer cells are of interest not only 
as potential therapeutic agents but 
also as reagents to probe cellular 
pathophysiologic features. 

Clinical studies of carnitine and its 
derivatives in Alzheimer’s disease are 
as yet fragmentary. A pilot, double- 
blind, cross-over study of carnitine it- 
self suggested a marginal improve- 
ment (over 3 months) in recall but not 
recognition in 14 patients, being sta- 
tistically significant in comparison 
with baseline but not compared with 
the niacinamide placebo, and being of 
no evident benefit clinically. Acetyl- 
carnitine is used in Europe to treat 
Alzheimer’s disease, but the clinical 
trials of it reported so far have not 
been rigorous enough to allow firm 
conclusions.” The dramatic effects of 
carnitine on Alzheimer cells in vitro 
raise the hope that it (or a lipophilic 
derivative such as acetylcarnitine) 
might slow the progression of Alzhei- 
mer’s disease, but this possibility can 
be tested only by carefully designed, 
prospective, double-blind studies. 
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Differentiation of Alzheimer’s Disease and 
Huntington’s Disease With the Dementia Rating Scale 


David P. Salmon, PhD; Pow F. Kwo-on-Yuen, MD; William C. Heindel, PhD; Nelson Butters, PhD; Leon J. Thal, MD 


è Patients with dementia of the Alzhei- 
mer type (DAT) and Huntington’s disease 
(HD) were assessed with the Dementia 
Rating Scale, a brief mental status exam- 
ination that provides a global dementia 
score and subtest scores for attention, 
initiation, construction, conceptualiza- 
tion, and memory capacities. Although the 
patients with DAT and the patients with HD 
were precisely matched in terms of total 
Dementia Rating Scale score, different 
subtest score profiles emerged. Patients 
with DAT were more impaired than pa- 
tients with HD on the Memory subtest, 
whereas patients with HD were more im- 
paired than patients with DAT on the Initi- 
ation subtest. These results are indicative 
of qualitative differences in the cognitive 
impairment of the two disorders and dem- 
onstrate that such differences can be elu- 
cidated with brief mental status examina- 
tions. 

(Arch Neurol. 1989;46: 1204-1208) 


[)ifferent patterns of cognitive im- 

pairment are associated with the 
dementias of Alzheimer’s disease and 
Huntington’s disease (HD).' Dementia 
of the Alzheimer type (DAT), a pro- 
gressive neurodegenerative disease 
that results primarily in the disrup- 
tion of the hippocampal and cortical 
association areas,” is broadly charac- 
terized by a prominent amnesia with 
additional deficits in language, ab- 
stract reasoning, and visuospatial 
functions.** In contrast, HD, a geneti- 
cally transmitted disorder that results 
in progressive neuronal loss in the 
neostriatum,’ is marked by extrapyra- 
midal dysfunction (eg, choreiform 
movements, and dysarthria), brady- 
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phrenia, and moderate memory im- 
pairment.”!° 

Several recent studies utilizing con- 
cepts and experimental procedures of 
cognitive psychology have shown that 
patients with DAT and patients with 
HD can be further differentiated by 
the nature and pattern of their respec- 
tive memory deficits.'''* Patients with 
DAT evidence a severe impairment of 
episodic memory that is characterized 
by ineffective consolidation (ie, stor- 
age) of new information,’ a rapid rate 
of forgetting,” increased susceptibil- 
ity to the deleterious effects of 
proactive interference,'''* and a se- 
vere, temporally graded, retrograde 
amnesia.” Patients with DAT also 
appear to suffer a breakdown in the 
structure and organization of seman- 
tic memory. Early in the disease, these 
patients are more impaired in gener- 
ating items from a semantic category 
(eg, animals) than in producing words 
that begin with a particular letter (eg, 
F, A, or S).”? In addition, the failure of 
patients with DAT to prime on stem- 
completion'**' and semantic priming" 
tasks has been interpreted as consis- 
tent with Martin’s” proposed “bottom- 
up” deterioration of the hierarchi- 
cal structure of semantic knowledge. 
Granholm and Butters’? demonstra- 
tion that patients with DAT are unable 
to use the semantic relationship be- 
tween to-be-remembered words and 
cues to facilitate retrieval provides fur- 
ther evidence as to the severity of this 
breakdown in semantic knowledge. 

In contrast to the storage deficien- 
cies of patients with DAT, the moder- 
ate memory impairment of patients 
with HD has been associated with dif- 
ficulty in initiating systematic re- 
trieval strategies during attempts to 
recall information from either epi- 
sodic or semantic memory.!'*** The 
retrieval deficit of patients with HD 
results in a memory disorder that is 
characterized by less impaired perfor- 
mance on recognition than on free-re- 
call tasks,” relatively intact rates of 
forgetting on tests of episodic mem- 
ory, “œ and a moderate remote mem- 
ory loss that is equally severe across 


all decades of the patients’ lives.!??’ 
Althoughthisimpaired retrieval mech- 
anism results in severe impairments 
on both letter and category fluency 
tests,*"' the essentially normal perfor- 
mance of patients with HD on lexical 
and semantic priming tasks'*?!?*> sug- 
gests that the structure and organiza- 
tion of their semantic memory is rela- 
tively intact. 

Brandt et al” have recently shown 
that the distinct patterns of cognitive 
and memory impairments of DAT and 
HD patients are sufficiently robust as 
to be evident on a relatively simple, 
standardized test of mental status, the 
Mini-Mental State Examination 
(MMSE).*° Although DAT and HD pa- 
tients were matched in terms of total 
MMSE score, they performed differ- 
ently on items that measure memory 
and attention/conceptual tracking. 
Patients with DAT were more im- 
paired than those with HD in recalling 
three words after a short delay, 
whereas patients with HD were more 
impaired than patients with DAT in 
counting backward from 100 by sevens. 
These differential performance pro- 
files were evident regardless of level of 
dementia and were sufficiently consis- 
tent within the patient groups so that 
83% of the patients with DAT and 84% 
of the patients with HD were correctly 
classified with a discriminant function 
analysis. 

The present study further examined 
the qualitative differences in the de- 
mentias of Alzheimer’s disease and 
HD by comparing the performances of 
these patient groups on another fre- 
quently used mental status examina- 
tion, the Dementia Rating Scale 
(DRS).*! The DRS is a standardized, 
clinical mental status examination 
that provides a global measure of de- 
mentia derived from subscores for five 
cognitive capacities: attention, initia- 
tion and perseveration, construction, 
conceptualization, and memory. Ap- 
proximately 30 to 40 minutes is re- 
quired to administer the examination 
to a demented patient. Originally de- 
signed for use in a prospective study of 
dementia,” the DRS assesses a wide 
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Table 1.—The Mean (and SD) Age, Years of Education, and Total Score on the 
Dementia Rating Scale (DRS) of the Patients With Dementia of the Alzheimer Type 
(DAT) and Huntington’s Disease (HD) 


DAT (N = 23) HD (N = 23) 
Age, y 73.83 (6.67) 53.57 (12.54) 


Years of education 
DRS total score 












Attention subtest 
Digit span (forward and backward) 
Two-step commands 
One-step commands 
Imitation of commands 
Counting A's 
Counting randomly arranged A's 
Read a word list 
Match figures 


Initiation subtest 
Fluency for supermarket items 
Fluency for clothing items 
Verbal repetition (eg, bee, key, gee) 
Double alternating movements 










Construction subtest 
Copy geometric designs 


Conceptualization subtest 
Similarities 
Priming inductive reasoning 

Detection of different item 

Multiple choice similarities 

Identities and oddities 

Create a sentence 


Memory subtest 
Recall a sentence (I) 

Recall a self-generated sentence (ll) 
Orientation (eg, date, place) 

Verbal recognition 

Figure recognition 









Total Score 


range of cognitive abilities and con- 
tains a sufficient number of cognitively 
less demanding items so that valid and 
reliable information can be obtained 
from severely demented patients.” 
Unlike other standardized mental sta- 
tus examinations that were developed 
as screening instruments (eg, the 
MMSE), the DRS was designed with 
the intention of discriminating among 
patients with dementia.” These char- 
acteristics of the DRS would appear to 
make this test particularly sensitive 
for discriminating between patients 
with DAT and patients with HD. 


PATIENTS AND METHODS 


Forty-six patients participated in this 
study: 23 patients with the clinical diagno- 
sis of DAT (9 men, 14 women) and 23 
patients with HD (14 men, 9 women). Writ- 
ten informed consent was obtained from all 
patients (or their conservators) after the 
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13.43 (3.26) 
113.83 (15.30) 


Table 2.—The Individual Items of the Dementia Rating Scale (DRS) 


DRS Item Maximum Score 


Graphomotor (copy alternating figures) 


13.17 (2.08) 
114.00 (15.46) 
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procedures of the study had been fully ex- 
plained. 

The diagnosis of Alzheimer’s disease was 
made by a senior staff neurologist at the 
University of California (San Diego) Alz- 
heimer’s Disease Research Center accord- 
ing to the criteria developed by the National 
Institute of Neurological and Communica- 
tive Disorders and Stroke and the Alz- 
heimer’s Disease and Related Disorders 
Association.” Twenty of the 23 patients met 
the criteria for probable DAT and the 
remainder for possible DAT. To reduce the 
possibility of including multi-infarct de- 
mentias, patients with a score of 5 or 
greater on the Hachinski Ischemia Scale” 
were excluded from the DAT group. 

The diagnosis of HD was made by a 
senior staff neurologist on the basis of a 
positive family history for the disorder, the 
presence of involuntary choreiform move- 
ments, and dementia. 

The HD and DAT patients selected for 
the present study were matched in terms of 
their total DRS score on a one-to-one basis. 


Thus, each patient with DAT had the same 
total DRS score as one patient with HD 
(within + 2 points). The total DRS scores 
of the patients with DAT ranged from 67 to 
135; those of the patients with HD ranged 
from 68 to 136. Table 1 presents the mean 
age, years of education, and total DRS 
scores for the two subject groups. The mean 
DRS scores of the two patient groups were 
much lower than the near perfect (140 to 
142; maximum score, 144) performances 
typical of both middle-aged and elderly in- 
tact controls.'''* The two patient groups did 
not differ significantly in years of educa- 
tion. As would be expected given the nature 
of these neurologic disorders, the patients 
with DAT were significantly older than the 
patients with HD (t(44) = 6.84; P < .001). 
The DRS was administered to each pa- 
tient following the procedures of Mattis.” 
The only exception to these procedures was 
that all test items were administered to ev- 
ery patient. The individual items that com- 
prise each subtest, and the item’s maximum 
possible score, are presented in Table 2. 


RESULTS 


The performances of the patients on 
each subtest of the DRS are shown in 
Fig 1. Because the subtests are scored 
on different scales, the scores were 
converted to the percentage of the 
maximum possible score and averaged 
across the DAT and HD patient 
groups. For example, if a patient 
earned a score of 15 on the Memory 
subtest, his or her score would be 60% 
(15/25). All group differences were 
evaluated with t tests (two-tailed). Be- 
cause multiple comparisons were per- 
formed, a conservative statistical sig- 
nificance level (.025) was adopted. 

The DAT and HD patients differed 
significantly on two of the five 
subtests. The patients with HD per- 
formed worse than the patients with 
DAT on the Initiation (t(44) = 2.53; 
P<.02) and Attention (t(44) = 2.25; 
P < .03) subtests; however, the latter 
difference only approached statistical 
significance. Patients with DAT per- 
formed significantly worse than the 
patients with HD on the Memory 
subtest (t(44) = 5.00; P < .0001). The 
patient groups did not differ signifi- 
cantly on the Construction or Concep- 
tualization subtests. 

The performances of the DAT and 
HD patients on the individual items 
constituting the Memory subtest are 
shown in Fig 2. The scores are pre- 
sented in terms of the percentage of 
the maximum possible score that could 
be achieved on each item. The patients 
with DAT performed significantly 
worse than the patients with HD on 
the orientation item (t(44) = 5.19; 
P < .0001) and on both recall measures 
(recall sentence 1: ¢(44) = 4.50; 
P < .0001; recall self-generated sen- 
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100 DAT tence 2: t(44) = 4.58; P < .0001). The 

SY HD groups did not differ significantly on 
the verbal and figural recognition 
items. 

The percentage of the maximum 
possible score obtained by the DAT ( 
and HD patients on each of the items 
comprising the Initiation subtest is 
presented in Fig 3. The patients with 
HD performed significantly worse 
than the patients with DAT on the 
verbal repetition (t(44) = 2.76; 
P < .008) and the double alternating 
movements (t(44) = 3.70; P< .001) 
items. The difference between the 
groups on the supermarket fluency 
item approached significance 
(t(44) = 2.22; P < .03). Although the 
patients with HD performed worse 
than the patients with DAT on the 
graphomotor and clothing fluency 
items, these differences were not sta- 
tistically significant. 

Fig 1.—The mean percentage of the maximum possible score (and SEM) obtained on each subtest A linear discriminant function anal- 
of the Dementia Rating Scale by the patients with dementia of the Alzheimer type (DAT) and Hun- ysis was performed to determine if pa- 
tington’s disease (HD). The DAT and HD patients differed significantly on the Initiation and Mem- tients could be correc tly classified as 


ory subtests. having DAT or HD by the pattern of 
their performance on the subtests of 
the DRS. The five subtest variables 
were entered and maintained in the 
discriminant function. The unstand- 
ardized canonical discriminant func- 
tion coefficients for each subtest are 
presented in Table 3. A highly signif- 

icant discriminant function was ob- 1 
90 | tained (canonical r= .78; P < .0001). 

With the prior probability of group 
membership set at .5, 82% of the pa- 
tients with DAT and 91% of the pa- 
tients with HD were correctly classi- 
fied. In an effort to cross validate the 
effectiveness of the discriminant func- 
tion for classifying patients, the DRS 
subtest scores of independent groups 
of 20 patients with DAT (mean DRS 
score, 110.3; range, 80 to 128) and 20 
patients with HD (mean DRS score, 
109.3; range, 78 to 128) were subjected 
to the discriminant equation. This 
cross-validation effort resulted in the P? 
correct classification of 80% of the new 
patients with DAT and 90% of the new 
patients with HD. 

The proportion of DAT and HD pa- 
tients from the original and validation 
samples who were correctly classified 
by the discriminant function is pre- 
sented as a function of dementia se- 
verity in Fig 4. The figure shows that, 
with the exception of the most severely 
demented patients (DRS score < 81), 
correct classification was relatively in- 
Verbal Figural dependent of dementia severity. The 
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involves degeneration in the neostria- 
tum in the initial stages of the disease, 
significant cortical changes can be ob- 
served in the later stages.’ 


COMMENT 


The results of the present study are 
indicative of qualitative differences in 
the cognitive impairment associated 
with two neuropathologically and eti- 
ologically distinct forms of dementia, 
and demonstrate that such differences 
can be elucidated with the DRS. The 
DAT and HD patients, who were pre- 
cisely matched in terms of their total 
DRS scores, differed markedly in the 
pattern of memory and cognitive dys- 
functions associated with these scores. 
The patients with HD performed sig- 
nificantly worse than the patients with 
DAT on the Initiation subtest, partic- 
ularly on the verbal repetition and al- 
ternating movement items. Further- 
more, the patients with HD displayed 
a tendency toward worse performance 
than the patients with DAT on the At- 
tention subtest. The patients with 
DAT, on the other hand, were signifi- 
cantly more impaired on the Memory 
subtest (particularly orientation and 
recall) than were the patients with 
HD. This differential pattern of per- 
formance is consistent with the results 
of Brandt et al,” which demonstrated 
greater impairment on the attention/ 
conceptual tracking item of the MMSE 
for patients with HD than for patients 
with DAT and greater impairment on 
the memory item for patients with 
DAT than for patients with HD. 

The analyses of the patients’ perfor- 
mances on the individual items of the 
Memory and Initiation subtests of the 
DRS provide additional information 
about the clinical effectiveness of the 
DRS for elucidating the specific fea- 
tures that dissociate patients with 
DAT from those with HD. For exam- 
ple, within the Memory subtest, pa- 
tients with DAT are more impaired 
than patients with HD on the recall 
and orientation items, but not on the 
recognition items. The differential 
performance of the DAT and HD pa- 
tients on the recall and orientation 
items is consistent with the results of 
experimental studies suggesting that 
DAT and HD patients differ in the 
mechanisms that underlie their re- 
spective memory disorders (eg, consol- 
idation vs retrieval deficit).!!>74?> The 
relatively intact ability of patients 
with HD to consolidate information 
indicates that they should benefit more 
than patients with DAT from the rec- 
ognition format.* However, the ex- 
tremely good performance of both pa- 
tient groups on the recognition items 
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suggests that the ease of these tasks 
results in a ceiling effect that may 
mask differences between the groups. 
As noted previously, the especially se- 
vere problems that patients with HD 
have with initiation (eg, verbal flu- 
ency) have been described in a number 
of reports.*!! 

The distinct processes underlying 
the memory dysfunction of the DAT 
and HD patients that are revealed by 
the DRS may be a reflection of the dif- 
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ferent neuropathologic changes that 
occur in the diseases. The severe con- 
solidation deficits of patients with 
DAT likely results from the degenera- 
tion of the hippocampus and entorhi- 
nal cortex,’ and from the loss of cor- 
tical cholinergic input that follows the 
degeneration of critical basal fore- 
brain structures.** In contrast, the 
characteristic inability of patients 
with HD to plan effective retrieval 
strategies when performing verbal flu- 
ency tasks may be a consequence of the 
degeneration of the neostriatum and 
of the neostriatal-frontal cortex inter- 
connections. This neostriatal dysfunc- 
tion may also be responsible for the 
tendency toward a greater deficit on 
the Attention subtest shown by pa- 
tients with HD compared with pa- 
tients with DAT. 

With regard to the Initiation 
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subtest, it should be noted that DAT 
and HD patients can also be readily 
differentiated by their performances 
on those items that involve the pro- 
gramming of motor sequences (ie, ver- 
bal repetition and double alternating 
movements). Patients with HD are 
more severely impaired than patients 
with DAT on both of these items. Re- 
cent studies demonstrating the impor- 
tance of the corticostriatal system for 
the development of motor programs**””’ 
suggest that the poorer performance 
of the patients with HD on these items 
results from the neostriatal atrophy so 
typical of this disorder. This difference 
in the ability of HD and DAT patients 
to develop and implement motor pro- 
grams has been documented by Hein- 
del et al,'*°* who found that patients 
with HD evidenced little learning on a 
motor skill task (ie, pursuit rotor) that 
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è We studied the reliability of master’s- 
prepared clinical nurse specialists for the 
identification and staging of dementia, us- 
ing videotapes of physician assessments 
of both healthy older persons and those 
with senile dementia of the Alzheimer 
type. The Washington University (St Louis, 
Mo) Clinical Dementia Rating system was 
the staging instrument. The results from 
three nurses, each reviewing 25 video- 
taped assessments, indicate that agree- 
ment is high between clinical nurse spe- 
cialists and physicians for the presence 
and severity of dementia (x = .75). This 
study suggests that clinical nurse special- 
ists can use the Clinical Dementia Rating 
scale effectively, and thus reliably identify 
and stage dementia. 

(Arch Neurol. 1989;46:1210-1211) 


ost research on Alzheimer’s dis- 
ease is conducted in specialized 
centers by experienced physicians us- 
ing study samples with relatively 
“pure” (ie, uncomplicated by other ill- 
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nesses) senile dementia of the Alz- 
heimer type (SDAT). The generaliz- 
ability of the findings from these stud- 
ies to the general population is limited 
because most individuals with SDAT 
also have coexisting disorders. Thus, 
the full scope of the illness may not be 
realized unless investigations are con- 
ducted in a variety of community set- 
tings, including nursing homes. Be- 
cause physician time is both costly and 
limited, these community-based 
studies would be facilitated by the 
demonstration that nonphysicians, 
such as clinical nurse specialists, can 
perform the appropriate clinical as- 
sessments accurately and reliably. 

The Washington University (St Lou- 
is, Mo) Clinical Dementia Rating 
(CDR) scale is a staging instrument for 
dementia, and has good reliability 
when used by physicians.' However, its 
reliability when administered by non- 
physicians has not been determined. 
Clinical nurse specialists have ob- 
tained a master’s degree in a particu- 
lar specialty (eg, gerontological nurs- 
ing) and function as researchers, edu- 
cators, and clinicians; in our 
Alzheimer’s Disease Research Center, 
they employ the CDR scale in moni- 
toring SDAT progression in subjects 
previously diagnosed by physicians. 
Following an experimental method 
similar to that used in the physician 
CDR reliability study, we evaluated 
the reliability of clinical nurse special- 
ists in identifying the presence and 
staging the severity of dementia with 
the CDR scale. 


SUBJECTS AND METHODS 


The subjects used in this study had been 
recruited from the community to partici- 
pate in a longitudinal study of SDAT and 
healthy aging by methods previously 
discussed.? The diagnostic criteria em- 
ployed to identify the two subject groups, 
SDAT and healthy controls, have been val- 
idated by postmortem examination in 31 
subjects. The SDAT and control subjects, 
all whites, were comparably educated and 
similarly aged at entry; the mean age 
(+SD) of the original 21 male and 23 female 
SDAT subjects was 71.5 + 4.9 years, and 
for the original 28 male and 30 female con- 
trol subjects, the mean age was 71.7 + 4.9 
years. A full description of this study sam- 
ple has been published. 

The Washington University Initial Sub- 
ject Protocol was the clinical assessment 
tool for all subjects in this study. It contains 
open-ended and semistructured interviews 
with both the subject and his or her collat- 
eral source (usually a close relative), a drug 
inventory, and a general and neurological 
examination of the subject.? The 90-minute 
assessment is performed by a physician and 
is videotaped for later independent review. 
Information is obtained to allow the degree 
of cognitive impairment to be scored in each 
of six domains: memory, orientation, judg- 
ment and problem-solving, community af- 
fairs, home and hobbies, and personal care. 
The global CDR is derived from the indi- 
vidual scores in all six domains in accor- 
dance with published rules**; in this scale, 
a score of CDR 0 indicates no cognitive im- 
pairment and CDR scores of 0.5, 1, 2, and 3 
indicate questionable, mild, moderate, and 
severe dementia, respectively. 

Three clinical nurse specialists were 
trained by an experienced physician 
(J.C.M.) in the use of the Initial Subject 
Protocol and the CDR scale. The three 
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nurses independently reviewed a total of 25 
videotaped assessments (performed earlier 
by five different physicians) of healthy con- 
trol and SDAT subjects while unaware of 
the physician’s CDR scores; there were five 
subjects in each of the five CDR ratings. 
Following individual videotape review of 
the clinical assessment, the nurse rated 
each subject for absence (CDR 0) or pres- 
ence of dementia and, when present, for de- 
mentia severity (CDR 0.5, 1, 2, or 3). 


STATISTICAL ANALYSES 


Agreement between the nurses and phy- 
sicians on scores for global CDR and for the 
six individual cognitive domains was ana- 
lyzed using Light’s x, which is a measure- 
ment of agreement for more than two 
raters, corrected for chance agreement. The 
x value represents the ratio of observed 
agreement beyond chance to potential 
agreement beyond chance. The following 
ranges for interpretation of x have been 
suggested: .40 or below equals poor agree- 
ment; .40 to .75 equals fair-to-good agree- 
ment; and .75 or above represents excellent 
agreement.‘ 


RESULTS 


The percentages of agreement and x 
values were computed for nurses’ 
scores to assess the reliability among 
the three nurses. Table 1 displays the 
nurse-interrater percent agreement 
and x values for global CDR and the six 
cognitive domain ratings. The agree- 
ments all were good to excellent. 

Table 2 displays the percent agree- 
ment and «x values on the global CDR 
and six cognitive domain ratings be- 
tween the nurses and the physicians. 
Similarly, good-to-excellent agree- 
ment was found. When present, dis- 
agreements were within one severity 
rating on the global CDR scale. 

Agreement by CDR category be- 
tween the nurse and physician ratings 
on the global CDR is displayed in Ta- 
ble 3. The nurses were in 100% agree- 
ment with the physicians’ rating of a 
CDR 0. That is, the nurses never rated 
an intellectually healthy subject as 
demented or a demented subject as 
healthy. 


COMMENT 


This study was conducted to com- 
pare dementia ratings made by clinical 
nurse specialists with those made by 
physicians. The results indicate excel- 
lent agreement between the nurses 
and physicians on the global CDR and 
its six cognitive domains. Nurses were 
in close agreement with physicians in 
rating the severity of the dementia 
and, perhaps more importantly, were 
in complete agreement in determining 
whether dementia was present or ab- 
sent. The nurses always were able to 
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Table 1.—Nurse-Nurse Reliability in 
Clinical Dementia Rating (CDR) 
Scores 


% 


Agreement «x 


Global CDR 

Cognitive domains 
Memory 
Orientation 


Judgment and problem 
solving 


Community affairs 
Home and hobbies 
Personal care 





distinguish between intellectually 
healthy and demented individuals. In 
staging the severity of dementia, the 
nurses’ percent agreement with physi- 
cians ranged between 53% and 93%. 
Agreement was higher at the two ex- 
tremes of the dementia scale. That is, 
the nurses were in closer agreement 
with the physicians when rating an 
individual as questionably demented 
(CDR 0.5) (93% ) or severely demented 
(CDR 3) (80% ). The lowest agreement 
occurred in the middle of the scale 
when rating an individual as mildly 
demented (CDR 1) (53%) or moder- 
ately demented (CDR 2) (67%), al- 
though all disagreements were within 
one severity rating on the CDR scale. 
Thus, it appears that there is greater 
agreement in staging dementia when 
the symptoms are either very mild or 
very severe. The interview protocol 
and CDR scale were developed explic- 
itly to characterize a healthy stage 
(CDR 0), which could account for the 
very high agreement in staging CDR 0 
and CDR 0.5. 

We found that the interview proto- 
col can be used reliably in a selected 
study sample by trained clinical nurse 
specialists in both identifying the 
presence or absence of dementia and 
staging the severity of the dementia. 
Staging dementia severity provides a 
framework for understanding the cog- 
nitive and behavioral changes that oc- 
cur during the course of dementia. The 
reliable staging of dementia by clinical 
nurse specialists not only could sup- 
port research efforts in Alzheimer’s 
disease but also could be helpful for 
planning management strategies, 
evaluating results of clinical interven- 
tions, and educating families and long- 
term care staff about prognostic im- 
plications for each stage. We recognize 
that the relatively “pure” SDAT sam- 
ple limits generalizability of the find- 
ings; the usefulness of the interview 
protocol by clinical nurse specialists in 


Table 2.—Nurse-Physician Reliability 
in Clinical Dementia Rating (CDR) 
Scores 



















% 
Agreement «x 





Global CDR 


Cognitive domains 
Memory 75 .69 
Orientation 83 aT 
Judgment and problem 74 .67 
solving 
Community affairs 79 71 
Home and hobbies 74 .67 


Personal care 


Table 3.—Percent Agreement 
Between Nurse and Physician by 
Clinical Dementia Rating (CDR) 
Scores* 


Physician CDR Score 


0.5 1 





*CDR 0 indicates no dementia; CDR 0.5, ques- 
tionable dementia; CDR 1, mild dementia; CDR 2, 
moderate dementia; and CDR 3, severe dementia. 


a more heterogeneous sample (ie, in a 
nursing home) is currently under in- 
vestigation. 
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Predictors of Survival in Clinically Diagnosed 


Alzheimer’s Disease and Multi-Infarct Dementia 


Daniel B. Hier, MD; Joshua D. Warach, MD; Philip B. Gorelick, MD; Joseph Thomas 


@ Duration of survival from time of first 
evaluation was studied in 61 patients with 
clinically diagnosed Alzheimer’s disease 
(senile dementia of the Alzheimer type 
[SDAT]) and 34 patients with clinically 
diagnosed multi-infarct dementia (MID). 
Duration of survival did not differ signifi- 
cantly between MID and SDAT. However, 
since MID patients were younger at onset, 
MID patients had a lower life quotient than 
SDAT patients. Race, sex, and age at on- 
set were not predictive of survival in SDAT. 
History of hypertension, elevated systolic 
blood pressure, lower scores on tests of 
Block Designs, and Logico-Grammatical 
Comprehension predicted shorter survival 
in SDAT. Age at onset and race were not 
predictive of survival in MID. Male sex, 
lower educational attainment, as well as 
low scores on tests of Logico-Grammatical 
Comprehension, Digit Span, Naming, Ver- 
bal Fluency, and receptive vocabulary, 
predicted shorter survival in MID. 

(Arch Neurol. 1989;46:1213-1216) 


number of factors have been asso- 

ciated with duration of survival in 
senile dementia of the Alzheimer type 
(SDAT) and multi-infarct dementia 
(MID). Younger age at onset? and 
male sex have been associated with 
shorter duration of survival in SDAT:! 
The effect of race on survival in either 
MID or SDAT has not been carefully 
examined. Neither educational attain- 
ment nor duration of dementia has 
been associated with shorter survival 
rates.'’* Language disorder including 
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anomia has been associated with 
shorter survival in some studies of 
SDAT, but not in others.® Diesfeldt et 
al‘ found apathy, age at admission to 
nursing home, physical disability, and 
dependency predictive of mortality in 
a nursing home population with 
SDAT. 

The effects of medical risk factors 
(eg, hypertension, heart disease, dia- 
betes mellitus) on survival in MID and 
SDAT have not been carefully studied. 
Several studies have suggested that 
mean duration of survival after diag- 
nosis is shorter in MID than in SDAT.’ 

Cognitive measures (such as the 
Haycox behavioral score, the Mini- 
Mental State score, and the Clinical 
Dementia Rating Scale score) have 
been shown to have some predictive 
value for disease course and survival in 
SDAT.!34 

In this study, we examined the pre- 
dictive power of several medical risk 
factors and several neuropsychologi- 
cal measures for survival in SDAT and 
MID. In addition, we compared dura- 
tion of survival in MID and SDAT. 


PATIENTS AND METHODS 


All patients were evaluated by the Center 
for Alzheimer’s Disease at Michael Reese 
Hospital and Medical Center, Chicago, Ill, 
between January 1, 1981, and January 1, 
1988. Sixty-one patients with clinically di- 
agnosed Alzheimer’s disease and 34 pa- 
tients with clinically diagnosed MID were 
studied. Diagnostic criteria for a clinical 
diagnosis of probable Alzheimer’s disease 
were consistent with those of McKhann et 
al? All patients with clinically diagnosed 
Alzheimer’s disease had a history of a 
gradually progressive dementia that was of 
insidious onset. Other causes of dementia 
were specifically excluded by history, phys- 
ical examination, and laboratory tests. 
Computed tomographic scans of patients 
with Alzheimer’s disease were free of focal 


abnormality. All patients with clinically 
diagnosed Alzheimer’s disease had Hachin- 
ski Ischemic Scores less than 4. Patients 
with clinically diagnosed MID met the Di- 
agnostic and Statistical Manual of Mental 
Disorders, ed 3, diagnostic criteria, includ- 
ing evidence of dementia on psychological 
testing, a stepwise deteriorating course, 
clinical or roentgenographic evidence of at 
least one cerebral infarction, and focal 
neurological signs or symptoms. All pa- 
tients clinically diagnosed as having MID 
patients had Hachinski Ischemic Scores 
greater than 7. Autopsy confirmation of the 
diagnosis was made in 6 patients. 

The duration of symptoms was defined as 
the interval from first symptoms as esti- 
mated by the patient’s family or caregiver 
to time of initial evaluation. The period of 
observation was defined as the interval be- 
tween time of initial evaluation and time of 
last patient contact. Grip strength was de- 
termined by hand dynamometer. Educa- 
tional attainment was expressed as years of 
schooling. Age at onset was defined as 
patient age when symptoms were first re- 
ported. Survival status was ascertained by 
either direct patient contact or telephone 
contact at 6-month intervals. 

Psychological testing included the Block 
Designs, Vocabulary (odd items only), and 
Digit Span (sum of digits forward and 
backward) subtests from the Wechsler 
Adult Intelligence Test” and the Informa- 
tion, Orientation, and Logical Memory sub- 
tests from the Wechsler Memory Scale.” 
Additional tests included Verbal Fluency 
(animals named in 60 seconds), the Wiig- 
Semel Logico-Grammatical Comprehension 
Test,’ a confrontation naming test,'* and 
the Quick Test of receptive vocabulary.'* In 
addition, all patients were rated on the 
Global Deterioration Scale™ and the Hach- 
inski Ischemic Score.” 

Group means were compared with un- 
paired ¢ tests. Survival estimates were 
made by the product-limit method. Pre- 
dictors for survival were evaluated by a 
proportional hazards regression analysis 
using survival analysis with covariates." 
Life quotients were calculated by dividing 
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estimated survival duration (product-limit 
method) by expected survival based on 
United States life tables for individuals of 
comparable age, sex, and race.” 

RESULTS 


The patients with SDAT were 45% 
black, 55% white, 59% female, and 4% 
left-handed. The patients with MID 
were 76% black, 24% white, 50% fe- 
male, and 3% left-handed. Heart dis- 
ease (either hypertensive or ischemic) 
was present in 17% of the patients 
with SDAT and in 30% of the patients 
with MID. Hypertension was present 
in 21% of the patients with SDAT and 
78% of the patients with MID. Diabe- 
tes mellitus was found in 6% of the 
patients with SDAT and 30% of the 
patients with MID. 

Mean survival _(product-limit 
~ method) did not differ significantly 
between patients with MID and pa- 
tients with SDAT (Table 1). The pa- 
tients with SDAT were older, had 
lower systolic and diastolic blood pres- 
sures, and had greater grip strength 
than the patients with MID (Table 2). 
There were no significant intergroup 
differences with regard to duration of 
symptoms prior to evaluation, period 
of observation, Global Deterioration 
Scale rating, or educational attain- 
ment. The SDAT patients outper- 
formed the MID patients on Total 
Digits, Quick Test (receptive vocabu- 
lary), and Wechsler Adult Intelligence 
Test Vocabulary (defining vocabu- 
lary). The MID patients performed 
better on the Verbal Memory subtest 
of the Wechsler Memory Scale. 

The proportional hazards model was 
used to evaluate predictors of survival 
(survival analysis with Cox covari- 
ates). Univariate analyses showed that 
age at onset, race, sex, educational at- 
tainment, history of diabetes mellitus, 
Hachinski Ischemic Score, Global De- 
terioration Scale, grip strength, and 
history of heart disease were not pre- 
dictive of survival in SDAT. Systolie 
blood pressure and history of hyper- 
tension were negatively correlated 
with survival in SDAT. Among the 
psychological tests, Block Designs and 
Logico-Grammatical Comprehension 
correlated with survival, with better 
scores predicting longer survival in 
SDAT (Table 3). 

Univariate analyses showed that 
survival in MID did not correlate with 
age at onset, race, hypertension, dia- 
betes mellitus, heart disease, or blood 
pressure. Longer survival in MID was 
positively correlated with higher edu- 
cational attainment and female. 
Higher scores on a variety of cognitive 
measures, including Total Digits, Nam- 
ing, Quick Test (receptive vocabulary), 
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Table 1.—Mean Duration of Survival (Product-Limit Method) for Dementia Subjects by 
Diagnosis, Race, and Sex 


Alzheimer Disease 


Mean, y SE 





Multi-infarct Dementia 


Mean, y 


* Life quotient (LQ) defined as mean survival from product-limit estimate divided by predicted life expectancy 
from US Life Tables" for persons of comparable age, sex, and race. 


tGroups differ, two-tailed t test, df = 1, P < .05. 








Mean 
Age at onsett 71.0 
Duration of symptoms, y 5.4 
Period of observation, y 2.8 
Education, y 11.3 
Systolic BP, mm Hgt 130.5 
Diastolic BP, mm Hgt 78.9 
Grip right, kgt 15.9 
Grip left, kgt 15.3 
GDS 5.2 
Block Designs (WAIS) 7.8 
Total Digits (WAIS)t 8.8 
Orientation (WMS) 3.0 
Information (WMS) 2.7 
Naming 12.0 
Verbal Fluency 7.2 
Quick Testt 28.1 
Vocabulary (WAIS)t 16.0 
Logico-Grammatical 11.2 
Verbal Memory (WMS)t 2.3 





Alzheimer’s Disease (N = 61) 


Table 2.—Intergroup Comparisons* 


Multi-Infarct Dementia (N = 34) 







SD Mean SD 
6.1 65.1 8.7 
3.0 5.0 4.8 
1.5 2.7 1.9 
3.9 10.9 3.0 
19.6 142.8 22.8 
8.0 86.3 10.4 
9.7 10.5 8.9 
9.3 9.1 7.6 
0.6 5.0 0.7 
10.1 6.3 7.8 
2.7 7.5 2.4 
1.5 3.1 1.5 
2.0 3.3 2.0 
4.2 12.1 4.9 
3.9 6.5 3.6 
12.3 21.4 13.1 
9.5 11.7 8.3 
5.0 9.7 4.2 
2.0 3.3 2.6 


* BP indicates blood pressure; GDS, Global Deterioration Scale; WAIS, Wechsler Adult Intelligence Test; and 


WMS, Wechsler Memory Scale. 
tGroups differ, two-tailed t test, df = 1, P < .05. 


Verbal Fluency, Logico-Grammatical 
Comprehension, and the Global Dete- 
rioration Scale, predicted longer sur- 
vival in MID. 

Multivariate models of survival (Cox 
proportional linear hazards model) in 
Alzheimer’s disease and MID were de- 
veloped by stepwise entry of predictors 
that were individually predictive of 
survival (Table 3). Retained predictors 
in the Alzheimer’s disease model in- 
cluded systolic blood pressure and 
Block Designs. Retained predictors in 
the MID model included education, 
Quick Test, sex, and Logico-Grammat- 
ical Comprehension (Table 4). 


COMMENT 


Survival from time of diagnosis did 
not differ significantly between pa- 
tients with MID (4.5 years) and pa- 
tients with SDAT (4.3 years). Martin et 


al” found survival somewhat shorter 
in 41 patients with MID compared with 
134 patients with SDAT, but the dif- 
ference was not statistically signifi- 
cant. Barclay et al? found a mean sur- 
vival in MID (2.6 years) that was sig- 
nificantly shorter than mean survival 
in SDAT (8.4 years). Similarly, Molsa 
et al’ found a mean survival of 5.7 years 
in SDAT and 5.2 years in MID. Our es- 
timates of survival are based on the 
period of observation (time from first 
evaluation until death). Survival from 
time of first symptoms is considerably 
longer, since the mean duration of 
symptoms prior to diagnosis was 5.4 
years for the patients with SDAT and 
5.0 years for the patients with MID. 
This implies a mean duration of illness 
of 9.7 years for the Alzheimer patients 
and 9.5 years for the patients with 
MID. However, establishing the exact 
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Table 3.—Significant Univariate Predictors of Survival in Alzheimer’s Disease and 
Multi-Infarct Dementia 


Beta 
Coefficient * 


Alzheimer's disease 
Systolic blood pressure 


Hypertension (by history) 
Block Designs 
Logico-Grammatical 


Multi-infarct dementia 
Education 


Female sex 
Logico-Grammatical 
Total Digits 

Naming 

Verbal Fluency 
Quick Test 

GDS 


x? Top Half 


Mean Survivalt 
ee rr 
Lower Half 


Relative 
Hazardt 





* Negative beta coefficients indicate favorable and positive beta coefficients adverse predictors of survival. 
All beta coefficients are significant at P < .05. Hypertension dummy coded as O, absent; 1, present; sex coded 


as 1, male; and 2, female. 


+Mean survival is in years. Mean survivals are given for patients above mean score (upper half) and below 


mean score (lower half). For mean scores see Table 2. 


+Relative hazard is ratio between risk of dying for patients 1 SD above mean divided by risk of dying for pa- 
tients 1 SD below mean. For means and SDs see Table 2. Relative hazards of greater than 1 for systolic blood 
pressure, hypertension, and Global Deterioration Scale (GDS) are associated with shortened survival. Relative 
hazards of less than 1 for Block Designs, Logico-Grammatical Comprehension, education, female sex, Total 
Digits, Naming, Verbal Fluency, and Quick Test are associated with longer survivals. 


Table 4.—Multivariate Predictive Model of Survival in Alzheimer’s Disease and 
Multi-Infarct Dementia * 


Beta Coefficient 


Alzheimer's disease 


Systolic blood pressure 


improvement, x? P Value 





Block Designs 


Multi-infarct dementia 
Education 


Quick Test 
Female sext 
Logico-Grammatical 





* Significant univariate predictors from Table 3 were entered stepwise into a multivariate Cox proportional 
hazards model. Positive beta coefficients are associated with adverse predictors, negative beta coefficients are 
associated with favorable predictors. Global x? for the Alzheimer model is 14.1 (df = 2; P < .001). Global x? 
for the multi-infarct dementia model is 19.0 (df = 4; P < .001). 

+Sex was dummy coded (1, male; 2, female). Female sex was associated with longer survival. 


onset of symptoms is difficult, espe- 
cially in SDAT. Furthermore, compar- 
isons between survival in MID and 
SDAT are hazardous, given the vari- 
ability in severity of both diseases. 
Multi-infarct dementia is a particu- 
larly heterogeneous entity that 
includes dementia due to superficial 
cortical infarcts, borderzone infarcts, 
lacunar infarcts, large deep infarcts, 
and white matter disease.” Case selec- 
tion biases also make comparisons dif- 
ficult. Disease treatment, especially in 
MID, may influence disease course.” 
With improving medical care for both 
SDAT and MID, improvements in sur- 
vival may occur in the future. Thus, 
differences in survival between MID 
and SDAT must be interpreted cau- 
tiously. A demonstration of convincing 
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differences in survival between MID 
and SDAT would require a prospective 
population-based study that took into 
account significant confounding fac- 
tors such as access to and quality of 
medical care. 

We assessed the predictive value for 
survival of various demographic fac- 
tors in Alzheimer’s disease. Like Dies- 
feldt et al,* we did not find sex to be 
predictive of survival in SDAT (Table 
1). We did not confirm the suggestion 
of Barclay et al' that male sex predicts 
shorter survival in SDAT. Race was 
not a significant predictor of survival 
in SDAT. Likewise, age at onset was 
not a significant predictor of survival 
in SDAT. Recently, Huff et al” have 
shown that age does not seem to influ- 
ence rate of progression of SDAT. 


However, since younger patients have 
significantly longer life expectancies 
than older patients, the effect on life 
quotient (actual years surviving/ex- 
pected years of survival) is greater for 
younger patients than older patients. 
Diesfeldt et al* have estimated that 
patients with Alzheimer’s disease un- 
der age 71 years have a life quotient of 
0.67, whereas patients over age 80 
years have a life quotient of 0.93. As a 
group, our SDAT patients had a life 
quotient of 0.78 (Table 1) consistent 
with their mean age of 71.0 years. The 
life quotient was substantially lower 
for the patients with MID (0.57), re- 
flecting not the shorter duration of 
their illness, but rather the younger 
age of onset of the patients with MID. 
Multi-infarct dementia has a much 
greater impact on life expectancy than 
SDAT because it has an onset in a 
younger patient population. 

Certain medical risk factors influ- 
enced survival in SDAT. A history of 
hypertension and first recorded sys- 
tolic blood pressure were negatively 
correlated with survival among the 
patients with SDAT. Thus, even in a 
group of patients with SDAT, hyper- 
tension still has an adverse effect on 
survival. Control of medical risk fac- 
tors may prevent death due to inter- 
current causes and extend survival in 
Alzheimer’s disease as suggested by 
Chandra et al.” 

Consistent with prior studies,'*“ de- 
gree of cognitive impairment appears 
to have modest predictive value for 
survival in SDAT. We sampled several 
areas of cognition, including language, 
visuoconstructive ability, memory, 
orientation, and attention. Measures 
of memory, attention, and orientation 
were not predictive of survival in 
SDAT. The visuoconstructive measure 
(Block Designs) and one language 
measure (Logico-Grammatical Com- 
prehension) were significantly corre- 
lated with survival, with better scores 
predicting longer survival (Table 3). 
The mean survival of patients with 
SDAT scoring above the mean on the 
Block Designs and Logico-Grammat- 
ical Comprehension tests was 5.6 years 
and 4.8 years, respectively, compared 
with a mean of 3.7 years for patients 
scoring below the mean (Table 3). Fur- 
thermore, the relative hazard for 
death (derived from the Cox propor- 
tional hazards model) was 4.1 times 
higher for patients scoring 1 SD below 
the mean on the Block Designs test as 
compared with patients scoring 1 SD 
above the mean. The similar relative 
hazard for death for patients scoring 1 
SD below the mean compared with pa- 
tients scoring 1 SD above the mean on 
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the Logico-Grammatical Comprehen- 
sion test was 3.1 times. Taken together, 
these findings suggest that poor per- 
formance on these two tests is associ- 
ated with significantly shorter sur- 
vival in SDAT. 

Unlike other investigators, we were 
unable to show that either degree of 
anomia or memory loss% was predic- 
tive of survival in SDAT. Knesevich et 
al’ reported that anomia on initial 
evaluation was associated with a more 
rapidly progressive course in SDAT. 
However, anomia as measured by a 
naming test was not a significant pre- 
dictor of survival in patients with 
Alzheimer’s disease. The only lan- 
guage measure predictive of survival 
in SDAT was the Logico-Grammatical 
Comprehension test. This is a test of 
the comprehension of syntax. The pre- 
dictive value of this test is consistent 
with the suggestion of Becker et al’ 
that syntactic measures of language 
may prove more predictive of outcome 
in SDAT than semantic measures such 
as vocabulary and naming. Stepwise 
entry of the significant univariate pre- 
dictors of survival in Alzheimer’s dis- 
ease into a Cox linear proportional 
hazards model retained history of hy- 
pertension and Block Designs as the 
two best predictors of survival in 
Alzheimer’s disease (Table 4). 

Two demographic variables (higher 
educational level and female sex) were 
associated with longer survival in 
MID. Men with MID had shorter mean 
survivals than women (3.0 years vs 5.6 
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years). Some of this sex difference may 
reflect the fact that the women were 
evaluated for dementia sooner after 
onset of their symptoms than the men 
(3.8 years for women and 4.7 years for 
men). However, this does not exclude 
the possibility that there are sex-re- 
lated differences in the severity of the 
underlying vascular disease.” Better 
educated patients with MID lived sig- 
nificantly longer. The Cox proportional 
hazards model suggests that patients 
with MID with 8 years of education 
have a relative hazard that is 7.8 times 
higher than patients with 14 years of 
education (Table 3). The origin of this 
effect is uncertain. One possible expla- 
nation is that either adherence to med- 
ical regimens or access to sophisti- 
cated medical care is associated with 
higher educational attainment. This 
suggests that control of risk factors 
could influence survival in MID.” Care- 
ful studies are needed to determine 
whether aggressive management of 
risk factors (eg, heart disease, diabetes 
mellitus, hypertension) can improve 
survival in MID. However, it should be 
noted that none of the usual medical 
risk factors for stroke (diabetes melli- 
tus, hypertension, heart disease) were 
found to be predictive of survival in the 
patients with MID. This may reflect 
the fact that the patients with MID 
represent a highly selected group that 
is already at high risk for vascular 
disease, hence minimizing the predic- 
tive value of the presence of individual 
medical risk factors. Nonetheless, this 
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@ The accuracy of computed tomogra- 
phy, electroencephalography, and clinical 
features in the differential diagnosis of 
senile dementia was studied prospec- 
tively. Out of 50 demented patients, au- 
topsy revealed 32 cases with either senile 
dementia of the Alzheimer’s type (SDAT), 
multi-infarct dementia (MID), or a combi- 
nation of both. Eighteen patients had de- 
mentia caused by other diseases. Based 
on a combination of computed tomogra- 
phy, electroencephalography, and clinical 
features, senile dementia of the Alzhe- 
imer’s type was differentiated from all 50 
patients, with a specificity of 83% and a 
sensitivity of 80%. Focusing on senile de- 
mentia of the Alzheimer’s type, multi-inf- 
arct dementia, or a combination of both, 
specificity decreased to 65% and sensi- 
tivity to 47%. Comparing the different 
methods, multi-infarct processes were di- 
agnosed with a higher sensitivity by the 
clinical features (73%) than by computed 
tomography (18%) or electroencephalog- 
raphy (18%). None of the methods validly 
differentiated multi-infarct dementia from 
a combination of multi-infarct dementia 
and senile dementia of the Alzheimer’s 
type. 

(Arch Neurol. 1989;46:1217-1220) 
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The accuracy in diagnosing different 

types of senile dementia has been 
the topic of many studies. Few re- 
searchers, however, have attempted to 
evaluate the clinical diagnosis. by 
autopsy.'* In these studies, the diag- 
noses are based either on predictive 
clinical features (ischemic score) 
alone, on electroencephalography 
(EEG) alone, on EEG and cerebral 
blood flow (CBF), or on ischemic score 
in combination with EEG and com- 
puted tomography (CT).' Two of these 
reports yield a sensitivity in the diag- 
nosis of Alzheimer’s disease between 
70%? and 87%,' and a specificity be- 
tween 70%° and 78%.' These rates 
consider the differentiation of Alzhei- 
mer’s disease from all other causes of 
dementia. Specificity and sensitivity 
would be lower if senile dementia of 
the Alzheimer’s type (SDAT), multi- 
infarct dementia (MID), and a combi- 
nation of the two (MIX) were taken 
into account alone. In clinical practice 
the differential diagnostic problems 
arise commonly in these three groups. 
The differentiation between MID and 
MIX remains extremely difficult.'*4 
Other pathologic findings causing de- 
mentia, eg, intracerebral mass lesions 


and hemorrhages, are usually easy to 
recognize. 

Another problem deals with the age 
of the patients. Some of the clinical 
predictors may be variable with aging. 
The cited data refer to patients with 
presenile dementia,’ senile dementia,“ 
or both age groups together.'° 

The present study was designed with 
the purpose to evaluate the accuracy of 
commonly used clinical methods in the 
differential diagnosis of senile demen- 
tia. Only patients of the senile age 
group were included. We focused on 
the three groups, SDAT, MID, and 
MIX. Clinical features, CT, and EEG 
were chosen as diagnostic tools be- 
cause of their widespread use and 
availability and their documented pre- 
dictive power. The clinical diagnoses 
were made prospectively and com- 
pared with autopsy findings. 


PATIENTS AND METHODS 


The 50 subjects in the present study were 
hospitalized in the Geriatric Clinic of the 
University Hospital of Basel (Switzerland). 
They came to autopsy between 1980 and 
1985. There were 24 women and 26 men. 
Their ages at death varied from 70 to 97 
years, with a mean of 83.5 years and an SD 


Table 1.—Number of Patients, Age, Sex Distribution, and Mini-Mental Score* 


Pathologic 
Diagnosis 





Mini-Mental 
Score, x + SD 


8.1 + 6.9 
9.0 + 7.1 
16.6 + 5.9 


Age at Death, 
x + SD 


82.5 + 14.6 
81.7 + 6.0 
86.4 + 8.0 


* SDAT indicates senile dementia of the Alzheimer's type; MID, multi-infarct dementia; and MIX, a combina- 


tion of SDAT and MID. 
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Table 2.—Mean Latencies Between 
Clinical Diagnosis and Death* 


Months 
+SD 
* For abbreviations, see Table 1. 


Table 3.—Ischemic Score: Selected 
Clinical Features 


Features of primary importance 
History of strokes 
Focal neurological signs and symptoms 


Features of secondary importance 
History or presence of hypertension 
Evidence of atherosclerosis 

Extracranial part of the carotids . 
History of myocardial infarction 
Presence of myocardial ischemia 
Occlusive arterial disease 


of 6.8 years. The clinical information was 
collected at lifetime from 1979 to 1985. Ac- 
cording to the purpose of our study, we ex- 
cluded 18 subjects with causes of dementia 
other than SDAT or vascular dementia: 13 
with Parkinson’s disease, and 7 with mass 
lesions, multiple sclerosis, and alcoholism. 

Of the remaining 32 patients the diagno- 
sis at autopsy was SDAT in 15 cases, MID 
in 11, and MIX in 6 cases. Table 1 shows the 
age, sex, and Mini-Mental Scores of the pa- 
tients, and Table 2 gives the mean latencies 
between clinical diagnosis and death for the 
three groups. 

Clinical examination, CT scan, and EEG 
were performed on admittance to the hos- 
pital. Dementia was diagnosed when a pa- 
tient showed signs of impaired memory and 
other intellectual functions, resulting in a 
reduced ability to perform usual everyday 
activities. The mental deterioration had to 
persist for at least 6 months and remain 
stable or proceed. A quantitative assess- 
ment was obtained with the Mini-Mental 
State examination of Folstein et al.° Pa- 
tients with a score of 20 or less were 
included in the study. Table 1 shows the 
mean scores for the three groups. 

In order to differentiate SDAT from vas- 
cular dementia on clinical criteria, we se- 
lected those features of the Ischemic Score 
by Hachinski et al’ that could be verified 
objectively in all patients (Table 3). The 
reason for this selection was that for many 
patients it was not possible to calculate the 
full Hachinski score because neither the 
patients nor their relatives were able to 
give the required information with suffi- 
cient precision. We regarded those items 
judged by Hachinski as being primarily 
characteristic of vascular dementia as fea- 
tures of primary importance, the others as 
features of secondary importance. With one 
feature of primary or two features of sec- 
ondary importance present, the diagnosis 
was MID or MIX. However, no differentia- 
tion between MID and MIX was made on 
these clinical criteria. For each patient the 
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SDAT a sl i ne be Bs 6a 

MID None / + 
None/+/++ 

MIX ++/+++ 
+++ 


* For abbreviations, see Table 1. Plus sign indicates light; double plus sign, moderate; and triple plus sign, 


severe pathologic findings. 


Diagnosis Overall Disturbance 
SDAT ++/++4+/++++ 
++++ 


MIX +++/++4++ 
++++ 





Table 4.—Criteria for Computed Tomographic Diagnosis * 


Diagnosis Cortical Atrophy Ventricular Size Cerebral Infarcts 


Table 5.—Criteria for Electroencephalographic Diagnosis * 


Asymmetric Findings Waves 
None None 
None Present 


MID None/+/++ Present None 













+/++/+++ None 
None/+ = 1 unilateral 
None/+/++ => 2 bilateral 
tt /+++ = 1 unilateral 
+++ = 2 bilateral 












Bifrontal Delta 







None 
None 


Present 
Present 











*For abbreviations, see Table 1. Plus sign indicates few theta waves; double plus sign, predominant theta 
waves; triple plus sign, theta waves and few delta waves; and quadruple plus sign, predominant delta waves. 


score was calculated by the same neurolo- 
gist without knowledge of the CT and EEG 
outcomes. 

Computed tomographic analysis included 
cortical atrophy and ventricular size in 3 
grades, and the number of low attenuation 
areas corresponding to infarctions. The di- 
agnostic evaluation for SDAT, MID, and 
MIX on CT criteria are shown in Table 4. As 
the finding of an infarction in the CT scan 
does not explain a dementia, but serves only 
for an extrapolation on an underlying 
multi-infarct process, the localization of 
infarcts was not evaluated. Computed to- 
mographic examinations were performed 
on a scanner (EMI or Siemens Somatom II) 
using routine scan factors and 10-mm slice 
thickness. The evaluation was made by vi- 
sual subjective rating of ventricular and 
suleal size. The subjective rating method 
was used because, for ventricular size, it 
was shown to differentiate patients with 
Alzheimer’s dementia from age-matched 
control subjects as effectively as objective 
measurement,’ and for cortical atrophy it 
even proved to be superior.’ The same neu- 
roradiologist evaluated all CT scans with- 
out being informed of the results of the 
other clinical examinations. In EEG, diag- 
nostic criteria were overall disturbance 
(slowing of the dominant rhythm, appear- 
ance of diffuse theta and delta waves), 
asymmetric findings (localized slow wave 
activity, paroxysmal activity), and bifron- 
tal bursts of delta waves. Table 5 shows the 
classification based on EEG according to 
the findings of Soininen et al” and Müller et 
al.. The EEG recordings were performed 
with a 16-channel system (Schwarzer) by 
carrying out a 30-minute recording includ- 
ing photostimulation. The evaluation of all 
EEGs was done by the same clinical elec- 
trophysiologist without his knowing the 
outcome of the other clinical methods. 
From the diagnoses based on CT, EEG, and 
clinical features a combination was ob- 
tained as the final clinical diagnosis. When 
all three diagnoses were concordant, the 


Table 6.—Criteria for Neuropathologic 
Diagnosis * 


Alzheimer 
Tangles 
and Senile 
Plaques 


Neuro- 
pathologic 
Diagnosis 


SDAT 


Cerebral 
infarctions 


MID 


Mixed 
dementia 





*For explanation of the grades of changes 1 
through 3, see text. For abbreviations, see Table 1. 


final diagnosis was clear. Any discrepancy 
resulted in the final clinical diagnosis of 
mixed dementia. In this procedure the same 
importance was given to each diagnostic 
method. In two patients, who were in this 
way first judged as having SDAT, the clin- 
ical course gave evidence for fresh cerebral 
infarctions, so that their diagnoses were 
changed to MIX. 

All patients underwent postmortem ex- 
amination. The precise description of the 
neuropathological method was published 
previously." The histologic sections were 
examined for all pathologic abnormalities, 
especially senile plaques, Alzheimer neu- 
rofibrillary tangles, amyloid angiopathy, 
granulovacuolar degeneration, selective pa- 
renchymal necrosis, Lewy bodies and other 
parkinsonian changes, and infarcts. The 
quantity of neurofibrillary tangles and se- 
nile plaques was estimated semiquantita- 
tively for each section (0 equals 0 on several 
high-power fields, 1 equal 1 to 3 per high- 
power field, 2 equals 4 to 5 per high-power 
field, 3 equals more than 5 per high-power 
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No. Patients 


No. Patients 


SDAT, N= 15 





CT A 
EEG 


Clinical 
Features 


Combination 
Methods we 


No. Patients 


Number of correct diagnoses by computed tomography (CT), electroencephalography (EEG), clin- 
ical features, and their combination. SDAT indicates senile dementia of the Alzheimer’s type; MID, 
multi-infarct dementia; and MIX, a combination of SDAT and MID. 


CT EEG 


Combined 
Methods 


Clinical 
Features 


pma — — — — — Aaii‘ ————————————.SEO—r—— 


SDAT, MID, MIX, SDAT, MID, MIX, SDAT, MID, MIX, SDAT, MID, MIX, 
Y% o % 


Sensitivity I8 TF 
Specificity 35 100 81 
Specificity 

+ 18 others 





* CT indicates computed tomography; EEG, electroencephalogram; SDAT, senile dementia of the Alzheimer’s 


9 o % 


83 100 61 





type; MID, multi-infarct dementia; and MIX, a combination of SDAT and MID. 


field). Based on the results of the estimated 
total infarcted brain volume the infarct 
component of the dementia was rated as 
follows: 0, no infarcts; 1, an infarct volume 
up to 10 mL; 2, an infarct volume of 10 to 50 
mL; and 3, an infarct volume of more than 
50 mL.!? The degree of the Alzheimer com- 
ponent of the dementia-causing alterations 
was assumed to be the average taken from 
the degree of each change (plaques and 
tangles) estimated on each cortical, hippoc- 
ampal, and amygdaloid section. 

Based on these neuropathologic findings 
the classification as SDAT, MID, or MIX 
was done as shown in Table 6. In the pres- 
ence of both Alzheimer changes and inf- 
arcts, the problems of assessing the impor- 
tance of each alteration were solved in re- 
specting the localization of the lesion in 
question: patients whose infarct component 
was rated as grade 1 and those whose 
Alzheimer component was rated as grade 1 
or 2 were judged as having MIX unless the 
infarct was confined to the occipital or mo- 
tor cortex. In this case, the patients were 
judged as having SDAT, because the in- 
farctions were regarded as irrelevant to the 
cause of the dementia. 
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RESULTS 


The Figure shows the degree of con- 
gruency of the clinical and neuro- 
pathological diagnoses. For the neuro- 
pathological groups SDAT (N = 15), 
MID (N = 11), and MIX (N = 6), the 
numbers of correctly predicted cases 
diagnosed by either CT, EEG, or clin- 
ical features alone, or in combination, 
are given. In SDAT, the diagnostic ac- 
curacy of the three clinical methods 
was about equivalent. The attempt to 
combine the three methods, however, 
led to more errors. Multi-infarct de- 
mentia was predicted badly by CT and 
EEG, and much better by clinical fea- 
tures. For MIX, all clinical methods 
show a poor outcome. Sensitivity and 
specificity of each clinical method, ac- 
cording to the three neuropathologic 
groups, are shown in Table 7. Because 
of the missing differentiation between 
MIX and MID by clinical features, as 
mentioned above, the specificity was 
not calculated in these groups. The 


given numbers for sensitivity and 
specificity refer to the 32 patients in 
the three neuropathologic groups, 
SDAT, MID, and MIX. If, however, the 
18 subjects with other causes of de- 
mentia were included, the specificity of 
the combined final diagnosis increased 
to 88% for SDAT, to 61% for MIX, and 
remained 100% for MID. Specificity of 
the clinical features for both MIX and 
MID taken together was 67%. 


COMMENT 


In an attempt to evaluate the use- 
fulness of CT, EEG, and clinical crite- 
ria in the differential diagnosis of se- 
nile dementia we focused on the three 
diseases that are numerically the most 
important, but also the most difficult 
to differentiate, namely, SDAT, MID, 
and MIX. It must be noted that our 
values for specificity and sensitivity of 
the methods investigated are re- 
stricted to these three groups. When 
the specificity for the diagnosis of 
SDAT was calculated in reference to 
all patients, including those with hy- 
drocephalus, mass lesions, and he- 
matoma, as done by other authors, our 
values increased to the level exceeding 
80% , which is comparable with that of 
the authors quoted.'’ In one of these 
studies the diagnosis was based on 
Hachinski’s Ischemic Score alone.’ The 
authors of the other study’ combined 
neurologic evaluation, psychological 
assessment, EEG, and CT, without 
specifying how the final diagnosis was 
reached. A more detailed comparison 
with our data would be interesting, 
particularly because our results show 
no improvement, even a decrease of 
diagnostic accuracy, by combining the 
different methods in all three groups. 
When the diagnostic validity of each of 
the three clinical methods was com- 
pared, the following conclusions could 
be drawn in the different groups: for 
SDAT, accuracy of the diagnosis was 
similar for clinical features, CT, and 
EEG. An analysis of the false diag- 
noses revealed in the SDAT group that 
all missed SDAT were classified as 
MIX. Thus, clinical methods discov- 
ered Alzheimer changes correctly, but 
were also suggestive of vascular le- 
sions in 8 of 15 cases. Of the 12 patients 
with MID, 10 were falsely diagnosed as 
having MIX, and one as having SDAT. 
Thus, signs of infarction were missed 
only once. In the MID group the clini- 
cal features were substantially more 
sensitive than CT and EEG. None of 
the three methods was valuable in di- 
agnosing MIX. In this group all cases 
but one were considered to be SDAT, 
which might also have been responsi- 
ble for most of the symptoms. This 
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demonstrates that small vascular le- 
sions leading to dementia are often 
missed on CT and EEG. The clinical 
features are more sensitive for multi- 
infarct processes, but not if Alzheimer 
changes are present simultaneously. 
However, the low number of these 
cases makes generalizations difficult. 
Regarding the relatively high number 
of patients with the diagnosis of MIX 
in patients who were neuropathologi- 
cally classified as having SDAT, one 
might speculate whether sometimes 
focal signs suggesting infarcts were 
discovered by the clinician but not 
corroborated by the neuropathologist. 
In this context it should be stressed 
that detected vascular lesions, regard- 
less of their distribution and localiza- 
tion, do not necessarily explain a de- 
mentia. As a consequence of the poor 
sensitivity of CT and EEG for small 
vascular lesions of lacunar size caus- 
ing dementia, the clinician depends on 
an extrapolation from detected in- 
farctions or corresponding neurologic 
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signs of an underlying possible multi- 
infarct process. An additional cause 
of diagnostic error is the presence 
of cerebral atrophy in both MID and 
SDAT. 

Concerning the mean scores of the 
Mini Mental State examination in the 
three groups (Table 1), the difference 
between MIX and the other two groups 
is difficult to explain. The patients in 
the MIX group did not have fewer in- 
farctions or lower infarct volume than 
did patients with MID at autopsy, nor 
did they show fewer Alzheimer tangles 
and senile plaques than patients with 
SDAT. 

Some of our results reproduced out- 
comes obtained by other authors. In 
addition, we feel that we presented 
some interesting new aspects. 
Whereas the differential diagnosis of 
SDAT from all other causes of demen- 
tia can be done with satisfactory accu- 
racy, the differentiation between 
SDAT, MID, and MIX remains more 
difficult. Hachinski’ and others!?* 
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A New Sign of Neurofibromatosis on 
Magnetic Resonance Imaging of Children 


Simon M. Goldstein, MD; Richard G. Curless, MD; M. Judith Donovan Post, MD; Robert M. Quencer, MD 


è Ten pediatric patients with clinically 
proved neurofibromatosis underwent 
magnetic resonance imaging of the brain. 
Seven of these patients had lesions of in- 
creased signal intensity on T.-weighted 
images in the globus pallidus, brain stem, 
or cerebellar white matter. The lesions did 
not correlate with results of the neurologic 
examination or with developmental status. 
These abnormalities most likely represent 
hamartomas and should be recognized as 
part of the diagnostic spectrum of neurofi- 
bromatosis. 

(Arch Neurol. 1989;46:1222-1224) 


This article reports a new magnetic 

resonance imaging (MRI) finding in 
neurofibromatosis and describes its 
frequency, significance, and possible 
origin. This finding consists of in- 
creased signal intensity on T,- 
weighted images in the globus pallid- 
us, brain stem, and cerebellum. This is 
the first attempt to correlate clinical 
signs and symptoms with this radio- 
graphic abnormality. 


PATIENTS AND METHODS 


Ten consecutive pediatric patients with 
neurofibromatosis were examined clinically 
and radiographically. Neurofibromatosis 
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was diagnosed in all 10 patients on the ba- 
sis of six or more cafe au lait spots of at least 
1.5 cm in size. Indications for scanning in- 
cluded mental retardation (five patients), 
bilateral optic nerve tumors (one patient), 
possible shunt malfunction (one patient), 
learning disability (one patient), and possi- 
ble brain tumor (two patients). 

All patients had T,- and T,-weighted 
images on either a 0.5-T unit (five patients) 
or a 1.5-T unit (five patients). Additional 
coronal T,-weighted images with a slice 
thickness of 5 mm were obtained in five pa- 
tients. Five patients underwent computed 
tomography. The MRIs were evaluated spe- 
cifically for areas of increased signal inten- 
sity in the globus pallidus, brain stem, and 
cerebellum, and the radiologists knew of 
the diagnosis of neurofibromatosis but did 
not know the results of neurologic exami- 
nation. 


RESULTS 


The patients ranged in age from 13 
weeks to 14 years. Seven of the 10 pa- 


left toe 


Results of Neurologic and Radiologic Examinations 


Magnetic 
Neurologic Development Resonance Computed 
Patient No./Age and Examination Imaging Tomography 
1/13 wk Normal Normal None 
2/2y2mo Normal Normal 
3/2 y 4 mo MR, hypotonia, VSD Normal Normal 
4/4 y MR, seizures CE, BS, GP Normal 
5/4 y 6 mo Right GP None 
6/5 y 6 mo Normal None 
7/6 y 6 mo Normal GP bilaterally, CE None 
8/9 y 10 mo Hydrocephalus and ataxia GP, BS, CE Low density in left 
due to aqueductal stenosis GP and CE 
resolved with shunting 
9/10y Learning disability GP, BS, CE None 
10/14 y MR, hyperactive, upgoing Left GP Normal 


tients had neurologic symptoms 
(Table). Five of the seven exhibited 
mild to moderate mental retardation, 
and one of the retarded children had a 
single right focal convulsion (patient 
4). Of the remaining two, one had a 
significant learning disability and one 
had shunted hydrocephalus. One pa- 
tient (7) had bilateral optic nerve tu- 
mors without significant impairment 
of visual acuity. 

The MRIs of seven patients showed 
increased signal intensity on the T,- 
weighted images in the globus pallid- 
us, brain stem, and cerebellum (Table). 
The severity of these abnormalities 
varied, as illustrated by patients 8 (Fig 
1) and 7 (Fig 2). These areas did not 
show any mass effect. The areas of in- 
creased signal intensity in the globus 
pallidus were very sharply defined. The 
lesions in the brain stem were more 
confluent and involved the midbrain, 











* CE indicates cerebellar white matter; MR, mental retardation; VSD, ventricular septal defect; BS, brain stem; 
and GP, globus pallidus. 
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Fig 1.—Magnetic resonance imaging in patient 8 shows increased signal intensity in the globus pallidus bilaterally (curved 
arrows, left). The results of this patient’s neurologic examination were normal, but a ventricular shunt was inserted 3 years 
earlier. Increased signal intensity is noted in the midbrain (arrows, center) and in the cerebellar white matter bilaterally (ar- 


rows, right). 





Fig 2.—Magnetic resonance imaging in patient 7 shows increased signal intensity in the globus 
pallidus on the right (arrow, left). This patient has bilateral optic nerve tumors, presumably glio- 
mas. Increased signal intensity bilaterally in the cerebellar white matter is also evident (arrows, 
right). 


pons, and medulla contiguously. A con- 
fluent pattern was also present in the 
cerebellar white matter. No abnormal- 
ities were present in the periventricu- 
lar region. The clinical and radio- 
graphic findings are summarized in 
the Table. 


COMMENT 


The diagnostic spectrum of neurofi- 
bromatosis contains many radio- 
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graphic signs.'? We describe a new 
finding that consists of areas of in- 
creased signal intensity in the globus 
pallidus, brain stem, and cerebellum. 
Seven of our 10 patients had high- 
signal areas, but two of the seven had 
anormal developmental status and the 
results of their neurologic examina- 
tions were normal. Of the remaining 
three patients whose MRIs were nor- 
mal, one was normal neurologically 


(patient 1) and two had mental retar- 
dation (patients 3 and 6). Therefore, 
poor correlation exists between neuro- 
logic symptoms and the MRI findings. 

Many pathologic abnormalities are 
present in neurofibromatosis. These 
include cortical heterotopias, glial 
nodules, and hamartomas.*!! Accumu- 
lations of glial cells with large nuclei 
(hamartomas) have been reported in 
the inner half of the internal capsule." 
Low-grade astrocytomas and glial 
nodules have been reported in the 
medulla.** 

Previous communications have re- 
ferred to these areas of high signal as 
hamartomas, low-grade gliomas, cor- 
tical heterotopias, or areas of 
infarction.'’** Since our patients did 
not have a history of strokelike events 
that correlated with these areas, cere- 
bral infarction is unlikely. Neoplastic 
changes are unlikely, since tumors in 
neurofibromatosis are not described 
with high frequency in these areas.'”’ 
Although we have no pathologic proof, 
we believe that these areas of high 
signal most likely represent hamarto- 
mas. 

Hamartomas also occur in tuberous 
sclerosis.™ These may occur in the 
periventricular region or in the paren- 
chyma with a predilection for the 
gray/white matter interface. They of- 
ten calcify but still show increased 
signal on T,-weighted images in addi- 
tion to the areas of decreased signal 
intensity due to the calcification.” The 
hamartomas of neurofibromatosis dif- 
fer from those in tuberous sclerosis in 
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location and in frequency of calcifica- 
tion. 

It is of interest that pigmented ha- 
martomas of the iris (Lisch nodules) as 
visualized by slit-lamp examination 
are present in more than 90% of pa- 
tients with neurofibromatosis who are 
over 6 years of age.'* Three of our pa- 
tients meet this age qualification; one 
has Lisch nodules (patient 9), one does 
not (patient 7), and the third did not 
have an ophthalmologic examination 
(patient 10). Accordingly, the abnor- 
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mal MRI in patient 7 was more sensi- 
tive than the iris examination in iden- 
tifying lesions other than dermato- 
logic signs. 

All patients over 6 years of age in 
this series showed lesions of increased 
signal intensity in the globus pallidus, 
brain stem, or cerebellum, while two of 
six patients less than 6 years of age had 
normal MRIs. In five patients a com- 
puted tomographic scan was also ob- 
tained. One showed an abnormality 
that had some correlation with the ab- 
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normal MRI, but of the four patients 
with normal computed tomographic 
scans, three had abnormal MRIs. 

We believe that MRI can be used to 
confirm the diagnosis of neurofibro- 
matosis. On the basis of this small 
sample it does not appear that these 
radiographic findings correlate with 
neurologic dysfunction. However, ex- 
tended follow-up and a larger series 
are planned to establish the prognostic 
significance with greater certainty. 
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, Antineural Autoantibodies in Patients With 
Paraneoplastic Cerebellar Degeneration 


Tetsuro Tsukamoto, MD; Hirotaka Yamamoto, PhD; Yuzo Iwasaki, MD; 
Osamu Yoshie, MD; Hiroshi Terunuma, MD; Hiroyoshi Suzuki, MD 


èe We studied serum autoantibodies 
from six patients with paraneoplastic 
cerebellar degeneration using rat brains. 
immunohistochemically, serum samples 
from four of six patients with uterine or 
ovarian tumors showed a similar staining 
pattern, labeling Purkinje cells and various 
other neurons distributed throughout the 
brain and spinal cord. The immunoblot 
study showed that these serum samples 
recognized the common 52-kd band. Se- 
rum from a patient with duct carcinoma of 
the breast reacted with the 46-kd band 
with a similar but weaker immunohis- 
tochemical reactivity. Serum from another 
patient with small-cell carcinoma of the 
lung in whom paraneoplastic cerebellar 
degeneration and Eaton-Lambert myas- 
thenic syndrome developed recognized 
the 40-kd and 38-kd bands with a different 
immunostaining pattern. Autoantibodies 
in patients with paraneoplastic cerebellar 
degeneration are directed to a variety of 
neuronal antigens that may differ from pa- 
tient to patient. 

(Arch Neurol. 1989;46:1225-1229) 


P araneoplastic cerebellar degenera- 

tion (PCD) is a syndrome charac- 
terized by subacute progressive cere- 
bellar ataxia in patients with malig- 
nant tumors.’? Although anti- 
Purkinje cell antibodies have been 
demonstrated in the serum and cere- 
brospinal fluid of most patients with 
PCD,* the pathognomonic importance 
of such autoantibodies remained to be 
elucidated. In an earlier study, Jaeckle 
et al’ reported that these autoanti- 
bodies reacted with human Purkinje 
cells and those of the guinea pig but not 
with those of other species. In a recent 
study, however, Smith et al’ reported 
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that these autoantibodies were immu- 
noreactive to rat and mouse Purkinje 
cells. More recently, Budde-Steffen et 
al? reported the occurrence of auto- 
antibodies reacting with the nuclei of 
various neurons in human, rabbit, and 
rat brains in the serum from one of 
seven patients with paraneoplastic op- 
soclonus. 

Herein we report on the diversity of 
antineuronal autoantibodies detected 
in six patients with PCD by immuno- 
histochemical localization of reaction 
products in the rat brain and by im- 
munoblotting studies with rat brain 
homogenate. In addition, we analyzed 
antigens recognized by anti-Purkinje 
cell antibodies produced by Epstein- 
Barr virus-transformed B-cell lines 
that were established from the periph- 
eral lymphocytes of a patient with 
POD? 


PATIENTS, MATERIALS, AND METHODS 


Serum samples were obtained from six 
patients with PCD, six normal control sub- 
jects, three patients with spinocerebellar 
degeneration, and three patients with 
amyotrophic lateral sclerosis. The histo- 
logic features of the tumors in the patients 
with PCD are shown in the Table. The clin- 
ical features of patients 1 and 2 with PCD 
have already been described.’ 

Patient 3 was a 49-year-old woman who 
had cerebellar ataxia develop 2 years after 
a hysterectomy and radiation therapy for 
clear cell carcinoma of the uterus. Recur- 
rence of the cancer with multiple me- 
tastases was found 16 months after the on- 
set of cerebellar ataxia and she died 8 
months later. A postmortem examination 
disclosed multiple metastatic foci of clear 
cell carcinoma in the retroperitoneal lymph 
nodes, liver, right kidney, bilateral lung, 
left adrenal gland, and peripancreatic 
lymph nodes. 

Patient 4 was a 71-year-old woman who 
was found to have adenocarcinoma of the 
ovary accompanied by carcinomatous peri- 
tonitis 12 months after the onset of sub- 
acute cerebellar ataxia. She died of multiple 
metastases 6 months after the discovery of 
the tumor. 

Patient 5 is a 49-year-old woman who had 
a rapidly progressive gait disturbance de- 
velop over a period of a few months. A 


breast tumor was found 3 months after the 
onset of ataxia, and she underwent total 
extirpation of duct carcinoma of the breast. 
Removal of the cancer, however, did not 
ameliorate neurologic symptoms such as 
scanning speech and marked cerebellar 
ataxia. She has survived for more than 11 
years, but she has been suffering from 
severe ataxia. 

Patient 6 was a 56-year-old man with un- 
differentiated small-cell carcinoma of the 
lung complicated by subacute cerebellar 
degeneration and Eaton-Lambert myas- 
thenic syndrome. A postmortem examina- 
tion disclosed diffuse and marked loss of 
Purkinje cells accompanied by prolifera- 
tion of Bergmann glia and infrequent tor- 
pedo formation in the atrophic cerebellar 
cortex. There were also mild neuronal 
losses in the dentate nucleus and the dorsal 
lamella of the inferior olivary nucleus, but 
there was no tumor metastasis in the cen- 
tral nervous system (CNS)."! 


Immunohistochemistry 


Under deep ether anesthesia, adult 
Wistar rats were perfusion fixed with a 4% 
paraformaldehyde solution in Millonig’s 
phosphate buffer with or without an addi- 
tion of 0.5% glutaraldehyde and 1% satu- 
rated picric acid. Frozen sections, 40 um 
thick, were prepared from coronal slices of 
the brain and horizontal slices of the spinal 
cord immersed overnight in phosphate- 
buffered saline (PBS) containing 20% su- 
crose and 0.1% dimethylsulfoxide. The 
free-floating sections were first treated 
with 1% hydrogen peroxide and then 3% 
normal goat serum for 30 minutes each. 
After rinsing with PBS, they were incu- 
bated with serum samples diluted 1:5000 in 
PBS containing 0.3% octoxynol-9 (Triton 
X-100, Rohm and Haas Co, Philadelphia, 
Pa) for 6 to 8 days at 4°C. After extensive 
washing with PBS, the sections were incu- 
bated with anti-human biotinylated IgG 
(Vector Laboratories, Burlingame, Calif) 
diluted 1:400 in PBS with 0.3% octoxynol-9 
for 2 hours at room temperature. After 
washing with PBS, they were incubated 
with the avidin-biotin-HRP complex 
(Vector Laboratories) for 2 hours, and then 
with a diaminobenzidine solution (50 mg of 
diaminobenzidine in 100 mL of PBS) sup- 
plemented with 2.6 mL of 1% cobalt chlo- 
ride and 2 mL of 1% nickel ammonium sul- 
fate, and developed with 3% hydrogen per- 
oxide for 4 to 8 minutes.*!23 

To determine the end point dilutions in 
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Six Patients With Paraneoplastic Cerebellar Degeneration: Tumors and Immunoblots 


Patient/Age, y/Sex 
1/52/F 
2/46/F 


Tumor 


Uterus, adenocarcinoma 


immunoblots (Antigen Mr), kd 


Ovary, adenocarcinoma 52 


52, 58 


3/49/F Uterus, clear cell carcinoma 


4/71/F 
5/48/F 
6/56/M 


immunostaining, the serum samples from 
patients 2 and 6 and two normal controls 
were serially diluted 10-fold beginning at 
1:10000 with PBS containing 0.3% octox- 
ynol-9 and 5% fetal calf serum. To examine 
the effect of cobalt and nickel on the sensi- 
tivity of immunostaining, some sections 
were also processed without an addition of 
these metals to a diaminobenzidine solu- 
tion. 


Immunoblot Study 


After transcardial perfusion with a PBS 
solution containing 10 mmol/L of edetic 
acid, 2 mmol/L of leupeptin, and 0.15% oc- 
toxynol-9, the rat brains were removed 
and homogenized with a glass-Teflon homo- 
genizer in 3 mL of the same solution at 
4°C. The homogenate was centrifuged at 
20 000 X g for 10 minutes, and 10 uL of the 
supernatant was applied to sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis 
on 9% gel. After transfer to a nitrocellulose 
membrane, the protein blots were preincu- 
bated with 3% normal goat serum for 1 
hour. After washing with PBS containing 
0.15% polyoxyethene (20) sorbitan mono- 
laurate (equivalent to polysorbate 20 
[Tween 20], Wako Pure Chemical Indus- 
tries, Ltd, Osaka, Japan) (PBS/polysorbate 
20), the membrane was incubated with se- 
rum samples diluted 1:1000 in PBS for 1 
hour at room temperature. After washing 
with PBS/polysorbate 20 several times, the 
membrane was incubated with anti-human 
IgG-HRP conjugate (Vector Laboratories) 
diluted 1:1000 in PBS for 1 hour. Then it was 
washed with PBS/polysorbate 20 several 
times and was reacted with a solution con- 
taining 40 mg of DAB and 0.04% hydrogen 
peroxide in 100 mL of PBS. 

To examine the immunoreactivity of an- 
tibodies bound to the 52- and 30-kd bands, 
these band regions that reacted with pa- 
tient 2’s serum were cut out, and the anti- 
bodies were eluted individually from the 
nitrocellulose membrane by treatment 
with 0.2 mol/L of glycine-hydrochloric acid 
solution, at a pH of 2.6, for 15 minutes at 
4°C and neutralized with 1 mol/L of potas- 
sium phosphate.'* They were applied to 
brain sections for immunohistochemistry 
studies. The immunoreactivity of the cul- 
ture fluids from the anti-Purkinje cell an- 
tibody-producing B-cell lines was exam- 
ined without dilution in immunohistochem- 
ical and immunoblot studies. 


RESULTS 
Immunohistochemically, the neu- 


rons labeled with the serum samples 
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Breast, duct carcinoma 
Lung, small-cell carcinoma 
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52 
Ovary, adenocarcinoma 52 


30, 46 
38, 40 





from four patients with PCD (patients 
1 through 4) were not confined to the 
cerebellum but instead were widely 
distributed throughout all of the rat 
CNS tissue (Fig 1, A and B). In the 
cerebellar cortex, Purkinje cells and 
their fine dendritic processes and 
many stellate and basket cells were 
strongly labeled, leaving the granular 
cell layer, with the exception of a few 
positive Golgi cells, totally unlabeled 
(Fig 1, A). Most of the neurons in the 
deep cerebellar nuclei were also 
strongly labeled. In the cerebral neo- 
cortex, a majority of pyramidal cells, 
both the soma and their apical den- 
drite, were strongly labeled. In addi- 
tion, small immunoreactive neurons 
were sparsely distributed in all corti- 
cal layers (Fig 1, B). In the hippo- 
campus, the soma and dendritic pro- 
cesses of large polymorphic cells in the 
stratum oriens were distinctly labeled 
in contrast to weakly positive pyrami- 
dal cells and negative granular cells. In 
the caudoputamen, only large neurons 
in the caudate were positive. In the 
thalamus, most neurons in the lateral 
and laterodorsal nuclei were strongly 
positive. In the midbrain, in addition 
to a few positive neurons scattered in 
various nuclei, most neurons in the oc- 
ulomotor, mesencephalic trigeminal, 
and red nuclei were distinctly labeled. 
In the brain stem, there were many 
scattered positive neurons in addition 
to the groups of positive neurons in the 
motor trigeminal and vestibular nu- 
clei. In the spinal cord, although large 
motor neurons in the anterior horn 
were distinctly labeled, positive neu- 
rons were also seen in the lateral and 
posterior horns. The distribution of 
the neurons that reacted with the se- 
rum from patient 5 was similar to that 
of neurons reacting with the serum 
samples from patients 1 through 4, but 
the intensity of the reaction was 
weaker. 

The end point dilution of serum from 
patient 2 was determined in the rat 
tissue fixed with 4% paraformalde- 
hyde alone. Staining of the dendritic 
processes of the Purkinje cells became 
weaker, and the absence of immuno- 
reactivity in the nuclei became evident 


at dilutions greater than 1:10000 (Fig 
2, left). The soma, however, remained 
positive until the serum was diluted to 
1:1 000000 with or without the use of 
cobalt and nickel. 

Unlike the serum samples from pa- 
tients 1 through 5, the serum from pa- 
tient 6 reacted with virtually all neu- 
ronal cells in the rat CNS (Fig 1, C 
through E). In the cerebellum, Pur- 
kinje cells and granular cells were 
equally strongly labeled and the corti- 
cal gray matter was clearly delineated 
from the subjacent white matter (Fig 
1, C). Interestingly, despite the strong 
immunoreactivity of the perikarya, 
the dendritic processes of the Purkinje 
cells were poorly visualized (Fig 1, D). 
In contast, the apical dendrites of the 
pyramidal cells in the cerebral neo- 
cortex and dendritic processes of other 
large neurons were clearly visualized. 
In the cerebral neocortex, not only py- 
ramidal cells but also other types of 
neurons were strongly labeled (Fig 1, 
E). In the caudoputamen, small and 
large neurons were equally strongly 
immunoreactive, and in the hippocam- 
pus, pyramidal cells and granular cells 
were strongly labeled. Even with this 
serum, however, the immunoreactivity 
was solely confined to neuronal cells. It 
was not observed in glial cells. The 
end point dilution of this serum was 
1:100 000. 

Culture fluids from four B-cell lines 
established from the peripheral lym- 
phocytes of patient 2° showed a stain- 
ing pattern similar to that of the 
patient 2 serum (Fig 1; F). None of the 
serum samples from the six normal 
controls, the three patients with 
spinocerebellar degeneration, or the 
three patients with amyotrophic lat- 
eral sclerosis gave a positive reaction 
in rat brains (Fig 1, G). 

The immunoblotting patterns of the 
antibrain antibodies that reacted with 
rat brain homogenate are shown in Fig 
3 and indicate the diversity of proteins 
recognized by individual serum sam- 
ples. Among 12 control serum samples, 
one normal control serum reacted with 
two weak but distinct bands of 30 kd 
and 62 kd (lane 7). A 62-kd protein was 
also recognized by the serum samples 
from patients 3 through 6 (lanes 3 
through 6), and the serum of patient 5 
reacted with a 30-kd protein. In addi- 
tion, the serum samples from patients 
1 through 4 recognized a common band 
of 52-kd protein (lanes 1 through 4) 
that was not seen in controls. The se- 
rum from patient 2 also reacted with a 
58-kd protein. Unlike the serum sam- 
ples from patients 1 through 4, those 
from patients 5 and 6 did not react with 
the 52-kd protein. Instead, the patient 
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Fig 1.—A and B, Immunohistochemically stained by serum samples from 
patients 2 and 3, respectively, at a dilution of 1:5000. C through E, Im- 
munohistochemically stained by serum from patient 6. A, In the cerebel- 
lum, Purkinje cells and their dendritic processes and many stellate and 
basket cells were strongly labeled (X320). B, In the cerebral cortex, a 
majority of pyramidal cells, both the soma and their apical dendrites, 
were strongly labeled. In addition, small immunoreactive neurons were 
sparsely distributed in all cortical layers (X160). C, Cerebellum. The 
molecular layer and granular layer were strongly labeled (X32). D, 
Purkinje cells and granular cells were equally strongly labeled, but the 
dendritic processes of the Purkinje cells were poorly visualized (X320). 
E, In the cerebral cortex, not only pyramidal cells but also other types 
of neurons were positive (X80). F, Immunohistochemically stained by 
culture fluid from a B-cell line established from the peripheral lympho- 
cytes of patient 2 (X320). G, Immunohistochemically stained by serum 
from a normal control. No reactivity was seen (X320). 
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Fig 2.—Left, Immunostaining with the serum from patient 2 at a dilution of 1:500 000. The soma of the Pur- 
kinje cells are distinctly demonstrable with this high dilution (X320). Right, Immunostaining of Purkinje cells 
with the antibody eluted from the 52-kd band in the nitrocellulose membrane. The soma of the Purkinje cells 


were clearly labeled (X320). 
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Fig 3.—Immunoblots of rat brain reacted with 
serum samples from patients 1 through 6 
(lanes 1 through 6, respectively) and a control 
subject (lane 7). Arrowheads indicate 52 kd, 46 
kd, 30 kd, 38 kd, and 40 kd, respectively (from 
left to right). 


5 serum reacted strongly with the 30- 
kd protein and weakly with 38-, 40-, 
46-, and 62-kd proteins (lane 5). Among 
these 5 bands, the 30- and 62-kd bands 
were shared with a control subject 
(lane 7) and the 38- and 40-kd bands 
were shared with patient 6 (lane 6). 
The 46-kd band, however, was unique 
to this case. The patient 6 serum re- 
acted strongly with the 38- and 40-kd 
proteins and weakly with the 62-kd 
protein. The 52-kd band labeled by the 
autoantibody produced by the B-cell 
lines derived from patient 2 was iden- 
tical to one recognized by the patient 2 
serum. These results are summarized 
in the Table. 

Antibodies of patient 2 eluted from 
the 52-kd band of the nitrocellulose 
membrane stained weakly but dis- 
tinctly the soma of the Purkinje cells 
(Fig 2, right). This staining pattern 
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was similar to that obtained with the 
serum diluted close to the end point. 
No reactivity was seen with antibodies 
eluted from the 30-kd region. 


COMMENT 


This study with a sensitive immu- 
nohistochemical technique using 40- 
um-thick free-floating sections has 
clearly demonstrated that the an- 
tineuronal autoantibodies in patients 
with PCD are directed not only to 
Purkinje cells but also to a variety of 
neuronal cells in the CNS regardless of 
the histologic type of the tumors 
(Table). The improved staining proce- 
dure apparently increased the sensi- 
tivity of immunostaining; the end 
point dilution of patient 2’s serum was 
1:1 000 000 in the present study in con- 
trast to 1:64000 in our previous study 
employing 4-um-thick paraffin sec- 
tions of formaldehyde solution-fixed 
normal human cerebellar tissue.’ It 
also should be noted that the specific- 
ity of the reaction was not sacrificed as 
a result of the increased sensitivity 
since, under all circumstances, the re- 
action products were localized only to 
neuronal cells, and the characteristics 
of the immunostaining pattern of in- 
dividual serum samples were retained. 
It is also clear that the antigens recog- 
nized by the autoantibodies are not 
specific for human tissue and are 
strongly reactive with rodent CNS tis- 
sue in accordance with the results re- 
ported by Smith et al’ and Greenlee et 
al.'° The validity of our immunohis- 
tochemical study with rodent tissues is 
further supported by the immunoblot 
study with rodent tissue extract. 

The heterogeneity of the antigens 
involved in the autoantibody produc- 
tion in PCD and other paraneoplastic 


syndromes has been pointed out in 
studies using the immunoblotting 
technique.’*!*'* Cunningham et al'* de- 
tected autoantibodies in the serum 
samples from 7 of 18 patients with 
PCD and found that all seven serum 
samples recognized two groups of com- 
mon antigens with molecular weights 
of 62/64 kd and 34 to 38 kd recovered 
from isolated human Purkinje cells. 
Anderson et al,'? however, reported 
that serum from another patient with 
adenocarcinoma of the lung and PCD 
recognized 56-, 64-, 68-, and 80-kd pro- 
teins by an identical immunoblotting 
procedure. However, Tanaka et al’? re- 
ported that serum antibodies from a 
patient with PCD reacted with 250-kd 
and 110-kd proteins from the rat cere- 
brum and 110-kd protein from the rat 
cerebellum. Budde-Steffen et al re- 
ported that an antineuronal autoanti- 
body in paraneoplastic opsoclonus re- 
acted with 53- to 61-kd and 79- to 84-kd 
proteins extracted from isolated hu- 
man Purkinje cells and cerebral corti- 
cal neurons. Based on a study of 28 an- 
tibody-positive patients with cancer 
with various paraneoplastic syn- 
dromes, Jaeckle and Greenlee” re- 
cently suggested that the immuno- 
topography of brain antigens recog- 
nized by the autoantibodies in patients 
with paraneoplastic syndromes corre- 
lates with both tumor type and the 
type of paraneoplastic syndrome. 
From an immunohistochemical analy- 
sis of serum samples from 7 patients 
with PCD and adenocarcinoma of the 
ovary, oat cell carcinoma of the lung, 
ductal carcinoma of the breast, or 
Hodgkin’s disease, Greenlee et al’* also 
found the variety of staining patterns 
produced by those serum samples and 
the association of a given pattern of 
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staining with a particular neoplasm, 
suggesting that the antibody response 
may be elicited by the tumor rather 
than neural antigens and may vary 
according to tumor type. 

Of six patients with PCD in this 
study, the serum samples from five pa- 
tients (patients 1 through 5) showed a 
similar immunohistochemical reactiv- 
ity. An immunoblotting study of the 
serum samples of these patients, how- 
ever, disclosed that the serum samples 
from patients 1 through 4 reacted with 
a common 52-kd protein, whereas the 
antibody of patient 5 did not recognize 
this protein. Instead, it reacted with 
five bands that included two bands 
shared by patient 6. The serum from 
patient 6 reacted with a wider variety 
of neurons in the rat CNS than the se- 
rum samples from patients 1 through 
5, and the immunoblotting study dis- 
closed strong reactivity of the patient 
6 serum with two distinct bands that 
were also weakly recognized by the se- 
rum from patient 5. Thus, the mole- 
cules involved in autoantibody produc- 
tion are apparently heterogeneous. 
The recognition of the 52-kd protein by 
an antibody produced by an Epstein- 
Barr-transformed B-cell line derived 
from patient 2 and by serum anti- 
bodies from four of six patients (pa- 
tients 1 through 4), however, seems to 
suggest that this 52-kd protein is the 
target antigen commonly recognized 
in a majority of patients with PCD. 
Furthermore, this 52-kd protein may 
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well be the same one that Cunningham 
et al” described as 62/64 kd protein 
since our measurement of the molecu- 
lar weights in their figures indicated 
that the molecular weight of the im- 
munoreactive band in their study was 
more likely to be 51/52 kd rather than 
62/64 kd. The 52-kd band elute from 
the immunoblot product of patient 2 
serum was further confirmed to react 
with the soma of the Purkinje cells 
in subsequent immunohistochemical 
stainings. 

Recently, Dropcho et al”! described 
the complementary DNA cloning of a 
brain protein recognized by autoanti- 
bodies from a patient with PCD. The 
nucleotide sequence revealed tandem 
repeats consisting of a unit of 18 nu- 
cleotides (six amino acids) along the 
entire complementary DNA, probably 
coding a filamentous structural pro- 
tein. The transcripts were shown to be 
specifically expressed in cerebellum 
and cerebrum in normal organs. Inter- 
estingly, the messenger RNA was also 
detected in some cell lines derived 
from cancers of neuroectodermal, kid- 
ney, and lung origin. 

The clinical features of some of our 
six patients may deserve some com- 
ment. Patient 3 had PCD develop 2 
years after total extirpation of a pri- 
mary tumor, and multiple metastases 
were found 16 months later, following 
the onset of neurologic symptoms. This 
might indicate that metastatic malig- 
nant tissues can cause PCD after re- 
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moval of the primary tumor. In the 
case of patient 5, the radical removal of 
the breast carcinoma did not halt the 
progression of ataxia, contrary to sev- 
eral reports on the amelioration of 
neurologic symptoms after eradica- 
tion of a malignant neoplasm.” Pa- 
tient 6 had a rare combination of two 
paraneoplastic syndromes, PCD and 
Eaton-Lambert myasthenic syn- 
drome, as reported by Satoyoshi et al.” 
His serum antibodies recognized a 
wider variety of neurons in the rat 
CNS than those from other patients 
with PCD alone. 

Although the role of antineural an- 
tibodies in the pathomechanism of 
PCD and their relation to malignant 
tumors remains unknown, the present 
study with a sensitive immunohis- 
tochemical technique demonstrated a 
high incidence of antineural anti- 
bodies in patients with PCD and the 
occurrence of antigenic determinants 
reactive to these autoantibodies in a 
wide variety of neuronal cells through- 
out the CNS. The present study also 
indicated the lack of species specificity 
of the antigens involved in the au- 
toantibody production. This seems to 
validate the use of animal models for 
elucidation of the pathogenesis of 
paraneoplastic syndromes. 
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polyethylene, and biometals, including broken stem extraction. 

OR Personnel--dissection skills to become familiar with the applica- 
tions of power instrumentation; discussion of and participation in 
problem solving, care, and proper maintenance of power equipment. 


“Modern Dissection Techniques 





(NEURO 700) 


DECEMBER 7-8-9, 1989 
JANUARY 22-23-24, 1990 


MARCH 19-20-21, 1990 


; The workshops are held each day from 7:00 a.m. to 1:00 p.m. They will emphasize a series of 
structured exercises, utilizing appropriate animal bones, skeletal bones, bioplastics and biometals. 


NEUROSURGEONS—dissection skills for bonework of the cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


—dissection skills to become familiar with the applications of power instrumentation; dis- 
cussion of and participation in problem solving, care, and proper maintenance of power equipment. 


AREA ATTRACTIONS: 

aed Ee a nade? be Knott’s Berry Farm with 165 attractions and rides P 
' 's outdoor theater. Other convenient attractions 

are NBC Studios, ABC Studios, Marineland, San Diego Zoo, Sea World in San Diego and the : 


Pacific Amphitheatre which is Orange Coun 


LOS ANGELES/ANAHEIM 


625 West Katella, Unit 22, Orange, California 
f Bone, Biometals, Bioceramics, and Bioplastics” 


CREDITS: C.M.E. Credit Available. 
COURSE LOCATION AND ACCOMMODATIONS: Doubletree at 
Commerce Place, Two Commerce Place, Nashville, Tennessee 
37219. Phone: 615-244-8200. 
ENROLLMENT: Fee: (US$): Surgeon $965.00; Resident $585.00 
(with letter from Department Head); All Operating Room Personnel 
(RN/CST/PA/Other)$250.00. Make check to "Nashville Sym- 
posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 
Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


Join the more than 7,600 enrollees who have completed Midas Rex 
Hands-On Workshops. (3,800 Orthopaedic Surgeons; 1,600 
Neurosurgeons; 2,250 OR Personnel) 









MIDAS REX™ Institute 
HANDS-ON WORKSHOPS* 





For NEUROSURGEONS, PLASTIC, ENT, CRANIOFACIAL, and MAXILLOFACIAL SURGEONS 

















Mi 


i: 


|! 





Movieland, P 








beaches which are 20 minutes away. = i, = = ==> sz 


SPECTATOR SPORTS—Baseball with the California Angels, football with the Ei 
les Rams, and horse racing at Los Alamitos and Santa Anita. = = == 
rac swimming, and sport -Hp = = = 
fishing off the Califomia coastline. 
| | everything from 
Continental to ethnic cuisine. Fifty porcen _of_the restaurants have re- 
alifornia Restaurant Writers award. 


; Fee (US$): Surgeon $965.00; Resident $585.00 (with 


Los nae 
PARTICIPANT SPORTS—Golf, tennis, racquetbal 


FOOD—5,000 restaurants in Orange County are servin 


ceived the Southern 


ENROLLMENT; 
letter from Department Head); All 


perating Room Personnel (RN 
PA/Other) $2 


*Enrollment is limited. Please call to reserve space before sending 
check or arranging travel plans. All enrollments are made through 
the Midas Rex office in Fort Worth. Join the more than 7,800 
enrollees who have completed Midas Rex Hands-On Workshops. 
(3,900 Orthopaedic Surgeons; 1,650 Neurosurgeons; 2,300 OR 
Personnel 


00. Make check to “Los Angeles/Anaheim Symposium.” 
Mail to: Midas Rex Institute, 2929 Race Street. Fort Worth. Texas 76111. 
Phone: 800-433-7639 or 817-831-2604 


















| a 


It, | | | er | l ! | | ity Ti 
i a i 
AAD HU WT is n der 





p-o 























= 1986 The Walt Disney Company 

































Neurocysticercosis 


Short Course of Treatment With Albendazole 


Fernando Alarcon, MD; Luis Escalante, MD; Gonzalo Duefias, MD; Magalit Montalvo, MD; Marcelo Roman, MD 


è Eighteen patients with nonenhancing 
parenchymal brain cysts were treated with 
albendazole; 9 patients were treated for 3 
days and 9 patients for 1 month at daily 
doses of 15 mg/kg of body weight. Three 
months after starting therapy, results 
showed that in both groups the treatment 
was highly effective. Control studies car- 
ried out in the same group before the trial 
did not show any significant improvement. 
Five patients were controls and were 
treated only with symptomatic drugs. The 
total diameter of the lesions was reduced 
from 220.1 mm to 52.1 mm, which signifies 
a reduction of 76.3% in patients treated 
for a period of 3 days, and from 278.5 mm 
to 82.1 mm, which is 70.5%, in patients 
treated for 30 days. We conclude that al- 
bendazole administered according to the 
3-day therapeutic scheme proposed 
above is as highly effective for the treat- 
ment of parenchymal brain cysticercosis 
as the 30-day scheme. 

(Arch Neurol. 1989;46:123 1-1236) 


U ntil a few years ago, neurocysticer- 

cosis, which is the most common 
neuroparasitosis in the world,' did not 
have a specific pharmacologic treat- 
ment.’ Surgery, steroids, and symp- 
tomatic treatment were the only ther- 
apeutic alternatives for this infesta- 
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tion.’ Praziquantel used alone*ś or 
conjointly with steroids***’ was the 
first effective drug for treating nonen- 
hancing cerebral cystic lesions. Alben- 
dazole, a benzimidazole administered 
in high doses for chronic parenchymal 
brain cysticercosis during a period of 
30 days,™® showed good therapeutic ef- 
fectiveness. We are reporting our ex- 
perience with a short treatment pro- 
gram using albendazole for brain cys- 
ticercosis. 


PATIENTS, MATERIALS, AND METHODS 


From the large number of patients who 
are admitted with a diagnosis of neurocys- 
ticercosis to the Department of Neurology, 
Eugenio Espejo Hospital, Quito, Ecuador, 
23 were selected for this study. A standard 
protocol was established in which the fol- 
lowing basic selection criteria were in- 
cluded: macroscopic cerebral cysts shown 
by computed tomographic (CT) scans with 
and without contrast, a cerebrospinal fluid 
(CSF) analysis, good general health, and 
stable neurologic disease. The selection of 
the patients was based mainly on the CT 
image of nonenhancing parenchymal brain 
cysts, without perilesional edema, with a 
diameter of more than 10 mm, and with the 
number of cysts being between one and 
three, which could easily be followed up in 
subsequent studies. In addition to the find- 
ings of the CT scan and the CSF analyses, 
the diagnosis of neurocysticercosis was es- 
tablished by clinical criteria, skeletal- 
muscle calcifications, and passive hemag- 
glutination test results for cysticercosis in 
blood and CSF. Patients with parenchymal 
cysticercosis with ringlike enhancement 
and edema surrounding the lesions in con- 
trast CT were not selected for this study; 
pregnant women were also excluded from 
the study. Seventeen patients were free 
from intracranial hypertension, and 1 had 
intracranial hypertension. One patient had 


a ventriculoperitoneal shunt prior to treat- 
ment with albendazole. Patients were ran- 
domly allocated to three groups: 9 patients 
were assigned to group 1 and received al- 
bendazole at a single daily dose of 15 mg/kg 
of body weight for 3 days; 9 patients were 
assigned to group 2 and received albenda- 
zole at a single daily dose of 15 mg/kg of 
body weight for 30 days; and 5 untreated 
patients who had had CT scans and CSF 
analyses carried out at the time of diagno- 
sis were selected as controls (group 3) and 
only received treatment for symptoms. 

Five of the 18 patients (cases 1 and 3, 
group 1, Table 1) (cases 5, 6, and 7, group 2, 
Table 2) received a treatment of praziquan- 
tel before the start of the trial: case 1 at 19 
months before the trial, case 3 at 30 months, 
case 5 at 38 months, case 6 at 52 months, and 
case 7 at 42 months. Two patients did not 
show any therapeutic response (case 1, Ta- 
ble 1; case 7, Table 2). In both groups, 4 of 
the 10 cysts disappeared following treat- 
ment. The radiologic image in one of the 
patients from group 1 remained without 
change for 14 months and in the other it re- 
mained without change for 24 months. In 
group 2, one patient did not show any 
change for 36 months, whereas the other 
two showed no change for 28 and 42 months, 
respectively. 

Five patients were selected to serve as an 
untreated control group. These five patients 
had had CT scans and CSF analyses carried 
out at the time of diagnosis, and subse- 
quently, the same tests were performed in 
the follow-up examinations every 6 to 12 
months. The five patients had the same se- 
lection and diagnostic criteria as the study 
group. All the patients in the control group 
had nonenhancing cerebral parenchyma- 
tous cysts without perilesional edema. The 
CT scan studies were carried out between 9 
and 84 months before starting the trial, 
with a total of 212 months of follow-up ex- 
amination of the lesions (Table 3). None of 
the patients from this group received anti- 
parasitic medication or steroids before 
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Table 1.—Results of Treatment With Albendazole for 3 Days in Nine Patients With Neurocysticercosis: Group 1* 


Control Before Treatment 3 mo After Treatment 
=— >" DO Oo . -Oooaoaoa—M—MM— 235 3.3.) 0959) 99999 (ss 
CT Scan CT Scan 
— uu awn ee 
inflam- Inflam- $ 
Duration Months of Intra- mation mation Total 
of Follow-up cranial CSF Total Around Total Around Diameter CSF 
Patient No./ Symptoms, Before Hyper- Menin- No. of Diameter, Cysts, No. of Diameter, Cysts, Reduction, Menin- 
Age, y/Sex mo Trial tension gitis Cysts mm mm Cysts mm mm % gitis 
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41.4+ 19.8 34.2 + 29.1 17.1 2+ 20.4 PR vr a 122+04 244+ 9.6 hss ; ; of SE T. fe TEG t+ 34.1 


* CSF indicates cerebrospinal fluid; CT, computed tomographic; plus sign, present; and minus sign, absent. 


Table 2.—Results of Treatment With Albendazole for 30 Days in Nine Patients With Neurocysticercosis: Group 2° 


Control Before Treatment 3 mo After Treatment 
a E ss ss ny, 
CT Scan CT Scan 
a E :.—O——0 —n——aaoooos 
Inflam- Inflam- 
Duration Months of Intra- mation mation Total 
of Follow-up cranial CSF Total Around Total Around Diameter CSF 
Patient No./ Symptoms, Before Hyper- Menin- No. of Diameter, Cysts, No. of Diameter, Cysts, Reduction, Menin- 
Age, y/Sex mo Trial tension _ gitis Cysts mm mm Cysts mm mm % gitis 
11 0 (0) 1 
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Mean + SD 
40.4 + 16.3 35.3 + 46 24.4 + 32.2 er ae 17 +09 308 + 13:6 ae OG + 10 8.124 19.2 1.6 +41 824:2 31.2 


* CSF indicates cerebrospinal fluid; CT, computed tomographic; plus sign, present; and minus sign, absent. 





Initial CT Scan Last CT Scan 
I i 
Inflam- Inflam- 
Duration Months of Intra- mation mation Total 
of Follow-up cranial CSF Total Around Total Around Diameter CSF 
Patient No./ Symptoms, Before Hyper- Menin- No.of Diameter, Cysts, No. of Diameter, Cysts, Reduction, Menin- 
Age, y mo Trial tension gitis Cysts mm Cysts % gitis 


Mean + SD 
34:2 + 17.6. 62.4 + 37:142:.4 # 25.1... api 2.0 t0834 2T 13.400: 1320.7 31:1 £1439 -9:02 + t20. 6.22 16.5 


* CSF indicates cerebrospinal fluid; CT, computed tomographic; plus sign, present; and minus sign, absent. 





1232 Arch Neurol—Vol 46, November 1989 Neurocysticercosis—Alarcon et al 


treatment. After the trial, all of the pa- 
tients from the control groups were treated 
with albendazole. 


TREATMENT AND FOLLOW-UP 


All of the patients were hospitalized 
during the time of treatment. It was 
necessary to administer analgesics to 7 
patients during the taking of albenda- 
zole. A CT scan was carried out on 18 
patients at the time of diagnosis, 1 day 
before starting the treatment with al- 
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Fig 1.—Top, Contrast computed tomographic 
(CT) scan 1 day before treatment (patient 8 
from group 1) shows a giant cyst (arrow) and 
dilated ventricles (Table 1). Center left, One 
day after treatment CT scan shows size reduc- 
tion of the cyst (arrow). Center right and 
bottom, Three months after treatment, CT scan 
shows disappearance of the cyst and reduc- 
tion of ventricular dilatation. 


bendazole, 1 day after treatment, and 
1 and 3 months after starting treat- 
ment. Some of the control patients and 
some of the initial studies in patients 
who went into the trial were examined 
on Technicare scanner (Ohio Nuclear 
2020); all the other studies were car- 
ried out on a Siemmens model scanner 
(Scann Somaton DR3). All the CT 
studies were performed on our pa- 
tients by the same neuroradiologist 
(G.D.). A roentgenogram of the skull 


and soft parts was carried out on all of 
the patients, and subcutaneous cysts 
were searched for. Routine hemato- 
logic, biochemical, and liver function 
tests were done on days 1, 3, 30, and 90 
of the trial. A CSF analysis, including 
passive hemagglutination assay for 
cysticercosis, was performed at the 
time of diagnosis, at the beginning of 
treatment, at the end of treatment, 
and 3 months later. 


ESULTS 

The rangot ages of the nine pa- 
tients in gfoup 1 was from 13 to 72 
years, with an average age of 
34.2 + 29.1 years; the group comprised 
five men and four women (Table 1). 
Control CT scans in eight patients that 
were done an average of 17.1 + 20.4 
months before treatment showed a to- 
tal of 12 cysts, with an average of 
1.3 + 0.4 cysts per patient. In seven 
patients, the CT studies showed no 
change at the start of the trial. One 
patient (case 6) showed a spontaneous 
disappearance in 1 of the 2 cysts that 
were present in the initial CT scan, 
which means a reduction of 8.3% of the 
total number of cysts in all patients. 
One patient (case 7) without a previous 
CT scan was included in the study. 
Computed tomographic scans at the 
beginning of albendazole treatment 
showed a total of 11 cysts, with an av- 
erage of 1.2 + 0.4 cysts per patient. 
One day after treatment, 11 cysts were 
present in the CT scan control, and the 
total diameter decreased from 219.9 to 
174.4 mm, which meant an improve- 
ment of 20.6% in the size of the lesions 
(Fig 1). The CT scan 30 days after the 
start of treatment showed the disap- 
pearance of 6 cysts, which meant a re- 
duction of 54.5% in the number of 
cysts. The CT scan studies performed 3 
months after the start of therapy 
showed that 7 cysts had disappeared, 
which meant an improvement of 
63.6%. The total diameter of the le- 
sions showed an improvement of 
76.3%. Only one patient did not 
present any therapeutic response 
(11.1% ). The two patients treated pre- 
viously with praziquantel (cases 1 and 
3) showed total disappearance of the 
lesions in the control check-up 3 
months after starting treatment and 
an improvement of 100% (Fig 2). 

There were three women and six 
men in group 2 (Table 2) with an aver- 
age age of 40.4 + 16.3 years. Control 
CT scans in nine patients that were 
done 24.4 + 32.2 months before treat- 
ment showed a total of 16 cysts. In all 
of the patients, the CT scans showed no 
change at the start of the trial. Com- 
puted tomographic scans at the begin- 
ning of albendazole treatment showed 
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Fig 2.—Top left, contrast computed tomographic scan 1 day before treatment (patient 3 from group 
1) shows two cysts (arrows) (Table 1). Top right, One day after treatment, no change is seen. Bot- 
tom left, One month after albendazole therapy. Note the disappearance of one cyst and reduction 
in size of the other with concentration of contrast medium around the cyst and calcified scolex. 
Bottom right, Three months after treatment. Note the disappearance of the cyst. 


Fig 3.—Left, The computed tomographic scan taken 1 day before treatment (patient 9 from group 
2) shows one cyst (arrow) (Table 2). Right, Three months after treatment disappearance of the 
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16 cysts (average of 1.7 + 0.9 cysts per 
patient). One day after treatment 9 
cysts disappeared, which meant a re- 
duction of 56.2% in the number of 
cysts, and the total diameter decreased 
from 278.5 to 124 mm, which signified 
an improvement of 55.4% in the size of 
the lesions. Computed tomographic 
scans performed 3 months after treat- 
ment was concluded showed a 66% 
disappearance of the cysts. The total 
diameter of the lesions showed an im- 
provement of 70.5%. One patient did 
not present any therapeutic response. 
One (33.3%) of the three patients 
treated previously with praziquantel 
(case 6) showed total disappearance of 
the lesions (Fig 3), another displayed 
the disappearance of one of his two le- 
sions (case 5), and the other two did not 
show any change (case 7, patient 9) 
(Fig 3). 

In the untreated control group, in 
the previous CT scans carried out an 
average of 42.4 + 25.14 months before 
the trial, 10 cysts were detected (Table 
3) with a total diameter of 171.4 mm. 
The last CT scan taken at the begin- 
ning of the trial showed that 1 of the 10 
initial cysts had disappeared sponta- 
neously, which corresponds to a reduc- 
tion of 10%, and the total diameter 
decreased by 9.2% (Fig 4). 

Four patients (44.4%) in group 1 
presented signs of meningitis in the 
CSF analysis (Table 4), and the mean 
values for leukocytes were as follows: 
41.7 + 103.5/mm? on the day before 
treatment started and 15.2 + 37.1/mm‘° 
3 months after treatment began. Mean 
values for proteins varied as follows: 
0.34 + 0.22 g/L on the day before 
treatment started and 0.85 + 0.23 g/L 
3 months after treatment began. One 
day before treatment started, the high- 
est value for leukocytes was 334/mm° 
and the highest value of proteins was 
0.9 g/L. Of the four patients with 
meningitis at the beginning of the 
trial, two (50% ) had normal CSF find- 
ings 3 months after starting treat- 
ment. 

In the CSF analysis, four patients 
(44.4% ) in group 2 presented signs of 
meningitis (Table 5), and the mean 
values for leukocytes were as follows: 
6.4 + 7.4/mm/’ on the day before treat- 
ment began and 62.7 + 168.1/mm? 3 
months after treatment concluded. 
Mean values for proteins varied as fol- 
lows: 0.53 + 0.56 g/L on the day before 
treatment started and 0.51 + 0.53 g/L 
3 months after treatment. Of the four 
patients with meningitis at the begin- 
ning of the trial, two (50% ) had normal 
findings 3 months after treatment. 

In the untreated control] group, in 
previous studies of CSF (Table 6) car- 
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ried out at the time of diagnosis an av- 
erage of 42.4 + 25.1 months before the 
trial, the mean value for leukocytes 
was 31.4 + 37.2/mm’ and the mean 
value for proteins was 0.38 + 0.19 g/L. 
The mean value for leukocytes at the 
beginning of the trial was 29.2 + 
34.6/mm? and the mean value for pro- 
teins was 0.39 + 0.2 g/L. 

In their CSF analysis, 8 (44.44% ) of 
the 18 patients treated had a positive 
indirect hemagglutination assay for 
cysticercosis. Three patients showed 
calcifications in the cranial roentgeno- 
grams and 1 showed calcifications in 
the skeletal-muscle roentgenogram. In 
no patient were any subcutaneous 
cysts found. All results of routine lab- 
oratory tests in blood remained nor- 
mal throughout the study. 

On the second day of treatment, one 
patient had nausea and dizziness; be- 
tween the second and the sixth day of 
treatment, seven had severe head- 
aches; and two patients had seizures. A 
general cutaneous rash appeared in 
one patient 2 days after treatment. 
During treatment, the patient with 
intracranial hypertension (Fig 1) re- 
mained stable without there being any 
need for administering steroids. 


COMMENT 


Our results demonstrate that alben- 
dazole is an effective drug (P < .025 for 
the number of cysts and P < .001 for 
the total diameter) for the treatment 
of nonenhancing cerebral parenchy- 
matous cysts when it is administered 
for a short period of 3 days. Improve- 
ment of the CT image was observed in 
eight (88.8%) of the nine patients 
treated with albendazole for 3 days, 
with a remission of 7 (63.6% ) of the 11 
cystic lesions; these percentages are 
comparable to the improvement found 
in eight (88.8%) of the nine patients 
treated for 30 days, with a correspond- 
ing remission of 10 (62.5%) of the 16 
lesions. Nevertheless, these percent- 
ages are not comparable to the 73% 
and 76% reported in another study for 
patients treated with praziquantel or 
albendazole for 15 and 30 days, 
respectively.’ This could be due to the 
fact that our patients had a maximum 
of three cysts in the CT scan image. 
In five patients (55.5% ) treated for 3 
days, all of the cysts disappeared, 
whereas the cysts disappeared in six 
(66% ) of the nine patients treated for 
30 days; nevertheless, the percentage 
for 3-day treatment is greater than the 
42.8% reported in another study on 
patients who were administered al- 
bendazole for 30 days? or the 35% ob- 
served in the patients who were ad- 
ministered praziquantel.* The total 
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Fig 4.—Follow-up contrast computed tomographic scan of a control patient with parenchymal cyst 
(arrow) shows the natural evolution (patient 3 from group 3) (Table 3). Left, Large cyst with cal- 
cified scolex is seen. Right, Computed tomographic scan taken 84 months later shows no change. 
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Table 6.—Results of Cerebrospinal Fluid Tests: Group 3 


At Diagnosis 


pm ..:.n an ees 
Protein, 


Leukocytes, 


Patient No. / mm? 


Total 


Mean + SD S14 t 37.2 


diameter of the cysts found in our pa- 
tients treated for 3 days was reduced 
by 76%, which is greater than the 
70.5% reduction for the patients 
treated with albendazole for 30 days. 
Follow-up scans for the untreated con- 
trol group showed an improvement of 
1 (10% ) of the 10 lesions, with a reduc- 
tion of from 171.4 mm to 155.6 mm 
(9.2% ) in the diameter of these same 
lesions, in the period between the ini- 
tial studies and the beginning of the 
trial. 

The therapeutic response to alben- 
dazole may be immediate (Fig 1) or 
delayed (Fig 2) on the CT scan; in both 
cases a temporary clinical or CSF 
worsening could be present, which 
would be due to an inflammatory reac- 
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0.38 + 0.19 


Final 
eee Et c= 
Leukocytes, Protein, 
/ mm? 


29.2 + 34.6 0.39 + 0.2 





tion produced by the host as a response 
to the death of the parasites.*** These 
side reactions have been interpreted 
by some authors as indicators of a fa- 
vorable therapeutic outcome in the 
patient.’ In patients with severe ad- 
verse reactions, the simultaneous ad- 
ministration of steroids could be 
recommended,’ especially in those pa- 
tients with giant cysts.’ In the patient 
with intracranial hypertension, three 
doses of 8 mg of dexamethasone were 
administered on the day before the 
treatment was started with albenda- 
zole; however, during treatment, the 
administration of steroids was unnec- 
essary. In two (50%) of the four pa- 
tients with chronic meningitis, the 
CSF was normal during the follow-up 
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Consensus in Neurology 


Low-Grade Glioma 


To Treat or Not to Treat? 


J. Gregory Cairncross, MD, Normand J. Laperriere, MD 


e believe there is insufficient evi- 

dence to justify the aggressive 
treatment (ie, surgery, radiotherapy, 
and chemotherapy) of all low-grade 
gliomas of the cerebral hemispheres. 
The indolent nature of these tumors 
makes it difficult, in the absence of a 
properly controlled clinical trial, to 
evaluate the true effectiveness of in- 
tervention. Conclusions and recom- 
mendations based solely on the analy- 
sis of retrospective data are suspect. 
Further, the indolent course of these 
neoplasms raises the possibility that 
the potential benefits of treatment 
will, in the long run, be offset by treat- 
ment-related toxic effects. 

We state at the outset that surgery 
has an important role to play in the 
treatment of selected patients and spe- 
cific types of low-grade gliomas. For 
example, surgery is the principal 
treatment for childhood cystic astro- 
cytoma of the cerebellum. Surgery 
may be lifesaving in patients with 
large hemispheric tumors or cysts and 
threatened herniation. Surgery may 
be necessary to relieve cerebrospinal 
fluid obstruction in patients with in- 
traventricular tumors (eg, giant cell 
astrocytoma). Surgery may be helpful 
in controlling seizures in patients with 


Accepted for publication January 17, 1989. 

From the Departments of Clinical Neurological 
Sciences and Oncology, University of Western 
Ontario, and London Regional Cancer Centre, 
London, Ontario (Dr Cairncross); and the Depart- 
ment of Radiology, University of Toronto (Ontar- 
io), and the Department of Radiation Oncology, 
Princess Margaret Hospital, Toronto, Ontario (Dr 
Laperriere). 

Reprint requests to London Regional Cancer 
Centre, 790 Commissioners Rd E, London, Ontar- 
io, Canada N6A 4L6 (Dr Cairncross). 


1238 


Arch Neurol—Vol 46, November 1989 


low-grade glioma refractory to anti- 
convulsant therapy. However, surgery 
is not curative treatment for most pa- 
tients with diffusely infiltrating, indo- 
lent hemispheric gliomas. Surgery will 
establish the diagnosis with reason- 
able certainty, but in the absence of 
unequivocally effective follow-up ther- 
apy for a disease with a relatively long 
natural course, it is open to question 
whether all patients should be exposed 
to the risks of surgery, simply for 
diagnosis. It can be argued that rou- 
tine biopsy is justified on the grounds 
that it permits the identification of 
nonenhancing anaplastic tumors 
thought to be low grade by computed 
tomographic scan criteria.! We ac- 
knowledge that the computed tomo- 
graphic scan does not reliably predict 
tumor grade but believe that careful 
clinical and radiologic follow-up of pa- 
tients with suspected low-grade glio- 
mas will identify those with an accel- 
erated course (ie, anaplastic glioma) 
requiring more aggressive treatment. 
We think this is a satisfactory alter- 
native to surgery for all patients with 
computed tomographic scan lesions 
compatible with low-grade glial tu- 
mors of the cerebral hemispheres. 
The major controversy in the treat- 
ment of patients with low-grade hemi- 
spheric glioma centers on the question 
of radiation treatment. There is anec- 
dotal evidence that radiotherapy ben- 
efits individual patients. Moreover, the 
literature, in the form of single-insti- 
tution retrospective analyses of treat- 
ment experience over many years 
(often decades), suggests that after in- 
complete tumor resection, time to tu- 
mor progression and survival are pro- 
longed by radiotherapy.** However, we 


cannot be certain in retrospective 
studies that patient selection or other 
factors have not biased the results in 
favor of radiotherapy. In fairness, bias 
may have underestimated, rather than 
overestimated, the effectiveness of ra- 
diation treatment. We regard these 
retrospective studies as suggestive, 
not conclusive. They should not dictate 
treatment policy worldwide. 

Two other issues related to radio- 
therapy deserve attention. First, there 
is growing concern over the toxic ef- 
fects of therapeutic radiation on the 
normal brain. Radiotherapy to large 
volumes of brain in doses sufficient to 
control malignant gliomas leads, in 
some patients, to dementia and cere- 
bral necrosis.’ The consequences of 
high-dose focal radiotherapy (5000 to 
6000 cGy spanning 5 to 6 weeks), as 
currently prescribed for low-grade 
glioma, are unknown. The potential 
benefits of radiation treatment must 
be weighed against the risks of radia- 
tion-induced brain injury. Minor gains 
in tumor control may be offset by 
treatment-related cognitive impair- 
ment or other difficulties. Low-grade 
gliomas grow slowly. There is time for 
the toxic effects of treatment to be- 
come manifest. Second, some low- 
grade gliomas undergo malignant 
change. Radiotherapy may delay or 
prevent malignant transformation, 
but we do not know this with certainty. 
It is conceivable that radiotherapy 
initiates or accelerates malignant de- 
generation in some patients. Radiation 
has been reported to induce glial tu- 
mors in experimental animals, and 
there are numerous reports of patients 
with radiation-induced malignant 
gliomas, although admittedly this re- 


Glioma—Cairncross & Laperriere 


a 


è 


mains a rare event.” 

These arguments pertain primarily 
to the “elective” treatment with radi- 
ation of “asymptomatic” patients. It 
has been our practice to irradiate those 
patients in whom there is unequivocal 
evidence of tumor growth or malig- 
nant change, as there are few alterna- 
tives in these instances. Whether early 
radiation is preferable to delayed 
treatment or whether radiation at any 
time substantially alters the natural 
course of the disease remains to be de- 
termined in prospective trials. 

There is no established role for che- 
motherapy in the treatment of low- 
grade glioma. The acute toxic effects 
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and the potential long-range compli- 
cations of cytotoxic drugs, including 
neurotoxic effects and second malig- 
nancies, weigh heavily against their 
use. Likewise, there is no established 
role for the long-term administration 
of differentiation-inducing agents or 
other biological response modifiers. 
In summary, the optimal treatment 
of low-grade glioma remains a ques- 
tion. We are yet to be convinced that 
the results of early aggressive treat- 
ment are significantly better than al- 
lowing the disease to take its natural 
course, and we have serious concerns 
about treatment-related toxic side ef- 
fects. The effects of treatment on tu- 
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The Treatment of Low-Grade Glioma 


Some patients with low-grade glio- 

mas are treated, and others are not. 
One would expect a body of opinion to 
sustain the interventionist and the ex- 
pectant approach. It was easy to iden- 
tify someone who would argue that the 
natural course of low-grade gliomas is 
so benign and the effects of treatment 
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so uncertain, that with the exception of 
specific types of tumors, such as child- 
hood cystic astrocytoma of the cere- 
bellum, patients should not be treated 
outside controlled clinical trials. It 
proved much more difficult to find 
someone who would argue a more ag- 
gressive approach. Eventually the two 


mor growth, malignant degeneration, 
and cognitive function must be com- 
pared with the natural course of the 
disease. To this end, the European Or- 
ganization for Research on Treatment 
of Cancer, the Brain Tumor Coopera- 
tive Group in collaboration with the 
Radiation Therapy Oncology Group 
and the Southwest Oncology Group, 
the Northern California Oncology 
Group, and the University of Toronto 
have begun, or are planning, studies to 
address these neuro-oncologic issues. 
We strongly urge our colleagues in 
neurosurgery, neurology, and oncol- 
ogy to support and participate in these 
important clinical trials. 
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ultimately proposed partners in the 
controversy discussed the issues and 
concluded that they would be willing to 
coauthor a consensus! A consensus is a 
consensus only until it is challenged. 
Let us hope that a challenge will be 
based on new evidence. 

— VLADIMIR HACHINSKI, MD, FRCPC 
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Neurological Review 


Growth Factors for Neuronal Survival and 
Process Regeneration 


Implications in the Mammalian Central Nervous System 


Stuart A. Lipton, MD, PhD 


@ Within the past several years a num- 
ber of substances have been identified in 
the mammalian brain that are capable of 
(1) preventing the death of injured neurons 
and (2) promoting the regeneration of 
severed neuronal processes. The goal of 
this review article is to update the clinical 
neurologist in this area by presenting a 
brief, general overview of this subject, in- 
cluding a glimpse at potential clinical im- 
plications. Recent advances in neuronal 
transplantation and molecular techniques 
underlying nerve growth are discussed. 
Possible therapeutic approaches are pre- 
sented for many neurologic disorders, 
ranging from stroke to Alzheimer’s dis- 
ease to acquired immunodeficiency syn- 
drome, based on regrowing or saving in- 
jured neurons. The clinical neurologist will 
become important in practical applica- 
tions and research into prolonging neu- 
ronal survival and fostering axonal regen- 
eration. Over the coming years, with fur- 
ther research, it is anticipated that 
patients will be treated with these or sim- 
ilar modulatory agents. 

(Arch Neurol. 1989;46:1241-1248) 


[uring the past decade strategies 
have been developed to allow us to 
begin to think about treating various 
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maladies and injuries in the central 
nervous system (CNS) by promoting 
repair of the tissue. Prior to this time, 
unlike nerve cells in the peripheral 
nervous system, it was not thought 
possible to prevent neuronal death af- 
ter severe insult or to regenerate the 
processes of injured central mamma- 
lian neurons. Three general strategies 
have been formulated to promote CNS 
regeneration, and they are summa- 
rized in Table 1. Using these para- 
digms in research on animals, general 
principles concerning the environment 
and milieu necessary for survival, 
growth, and regeneration in the CNS 
have been formulated. This review will 
first outline current methods to trans- 
plant or regenerate processes of cen- 
tral mammalian neurons. Then spe- 
cific factors are discussed that have 
proved useful in regrowing fibers or in 
prolonging survival of these neurons. 
For the purposes of this review, a 
growth factor will be defined as a mo- 
lecular signal that seems useful in en- 
hancing survival and/or outgrowth of 
central neurons. Although a more clas- 
sic approach would be to consider only 
peptide neuronotrophic substances as 
“growth factors,” this definition seems 
unnecessarily limiting in the context 
of possible methods that may prove 
useful in combating neurologic insults 
to the CNS. 

Of importance to neurologists is the 
fact that regeneration and degenera- 
tion of nerve cells may be linked, in 
that at least some factors that promote 
survival of CNS neurons and regener- 
ation of their processes may also pre- 
vent death after traumatic injury or 
may be useful in some common degen- 


erative conditions. For this reason a 
synopsis is presented herein of classic 
growth factors and substances that 
may prevent cell death and allow neu- 
rons to go on growing or simply sur- 
viving. In general, the factors reviewed 
herein have been tested in various lab- 
oratories, but they are not clinically 
available. Nevertheless, they hold the 
potential for use in the human CNS 
within the coming decade and in some 
cases within the next few years. The 
promise of these agents is to offer pro- 
tection from cell death following an- 
oxia and stroke and to offer hope for 
neuronal process regeneration follow- 
ing injury from trauma or insult from 
degenerative disease. In this article an 
attempt is made to broadly review 
these growth factors to have a com- 
plete compilation and to provide a 
database on which future research and 
later practical applications by neurol- 
ogists can be developed. 


THREE APPROACHES TO NEURONAL 
SURVIVAL AND PROCESS 
REGENERATION IN THE INTACT CNS 


The first paradigm for regenerating 
parts of the CNS involves transplant- 
ing embryonic nervous tissue (Table 
1). Björklund and colleagues’’ have 
shown that fetal neurons have a much 
greater propensity to grow into and 
subsequently reinnervate an adult 
host brain. This method can be further 
subdivided into two techniques using 
either intact pieces of tissue or com- 
pletely dissociated cells. The advan- 
tage of the latter approach is that the 
nerve cells can be stereotactically in- 
jected through a needle to the desired 
site. The disadvantage is that relation- 
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ships between cells that are preserved 
in an intact piece of tissue are no 
longer present. Using embryonic CNS, 
several groups have demonstrated 
that (1) specific topographic pathways 
within the host brain can be recon- 
structed, and that (2) the implants can 
be used to supply a critical substance 
such as growth hormone? or 
dopamine.’ However, the success in 
applying these techniques to humans 
so far has remained preliminary and 
controversial.: 

The second method for rescuing in- 
jured neurons in the mammalian CNS 
and for regenerating their fibers in- 
volves using a hospitable graft from 
the peripheral nervous system. David 
and Aguayo” have pioneered the mod- 
ern approach to this technique and 
have enjoyed the most success in the 
rat visual system. By placing a sciatic 
nerve in the stump of the cut optic 
nerve, they have been able to coax ap- 
proximately 10% of the retinal gan- 
glion cells that normally project to 
deeper areas of the brain to regrow 
their fibers.” Histologic evidence for at 
least some newly reformed synaptic 
connections in the superior colliculus 
have also been found using the tech- 
nique of approximating the peripheral 
graft containing the regenerating op- 
tic nerve fibers to the colliculus. An 
advantage of this technique over the 
transplants previously discussed is 
that adult nervous tissue and not em- 
bryonic tissue is used, avoiding the 
ethical issues of employing fetal do- 
nors. By studying the properties of pe- 
ripheral nerves such as the sciatic to 
discern why they are permissive to the 
regeneration of central neuronal fi- 
bers, it may become possible to further 
our knowledge of growth factor mech- 
anisms in the CNS (see below). 

A third approach to enhancing neu- 
ronal survival and fiber regeneration 
in the CNS uses guide tubes to provide 
mechanical support for outgrowing 
pathways." In addition, putative 
growth factors can be inserted into the 
guides that are formulated as hollow 
cylinders. This protocol allows various 
substances to be tested for their effect 
on nerve growth in the CNS, for exam- 
ple, using an optic nerve stump in- 
serted into one end of a guide filled 
with a gelatin containing a growth 
factor. Unlike the previous two meth- 
ods, an advantage of this approach is 
that the host’s adult nervous tissue is 
used and also no peripheral nerve need 
be sacrificed. 

These three approaches to regener- 
ation of mammalian central neurons 
have afforded us the opportunity to 
study various factors that might be 
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shown them to be important for regeneration. 


1. Macromolecules 
a. Of the substrate 






2. Growth and trophic substances 
3. Mechanical guidance of neuronal processes 


important to the survival and growth 
of these cells. By noting the successes 
and failures of each of these tech- 
niques under different conditions, in- 
formation about several of the factors 
listed below has been garnered. 


APPROACHING GROWTH FACTORS 
FROM THE POINT OF VIEW OF 
NEURONAL DEVELOPMENT AND 
PLASTICITY STUDIED IN VITRO 


Still another approach to the ques- 
tion of neuronal survival and process 
regeneration in the mammalian CNS 
has come from the study of specific 
factors that are important in neurite 
outgrowth during the initial develop- 
ment of the nervous system (Table 2). 
The factors influencing survival and 
regeneration may or may not coincide 
with those modulating the initial de- 
velopment of the nerve cell and its 
growing processes, but, in any event, 
many of the studies on development 
may serve as a model for the study of 
regeneration. Because most of these 
investigations are performed in vitro, 
the environment of the neurons can be 
closely controlled and specific mecha- 
nisms for axonal growth and guidance 
can be studied. Ideally, the specific 
factors learned in culture will be ap- 
plied to transplant or regeneration ex- 
periments in the whole animal. This is 
the approach that has been followed in 
several laboratories. Taken together 
with the evidence gathered during the 
regeneration experiments performed 
in the whole animal using the afore- 
mentioned three strategies, a number 


Table 1.—Three Strategies for CNS Regeneration * 


1. Transplanted fetal neurons as tissue pieces or dissociated cells (Björklund 


a. Specific pathways (eg, septum-hippocampus) aT 


b. Neurohumoral fields, less precise topography (eg, dopamine neurons 
from substantia nigra or adrenal medulla placed in wall of lateral 


2. PNS grafts into CNS (Aguayo and colleagues) 


3. For injured adult neurons—biodegradable or biocompatible mechanical 
nerve guides containing growth factors (Madison and colleagues) 


* CNS indicates central nervous system; PNS, peripheral nervous system. 


Table 2.— Specific Factors Implicated in Central Neuronal Survival and i 
Process Regeneration 


Four general classes of molecular signals appear important to neuronal survival and in normal 
process outgrowth and development. By analogy, testing in vitro and in some cases in vivo has 


b. In the extracellular matrix or basal lamina 
c. Mediating cell-cell recognition, interactions, or adhesion 


4. Electrical fields and ionic channels / second messengers 


Reference No. 




















of specific growth factors have now 
been identified (see below) and merit 
further intensive study. These will be 
the subject of the remainder of this 
review. 


Four Classes of Molecular Signals for 
Central Neuron Survival and Outgrowth 


There are four types of signals that 
have been implicated in neuronal sur- 
vival and in process outgrowth for de- 
velopment and regeneration (Table 2). 
Much of the original work on which 
this information is based was first 
performed in the peripheral nervous 
system of lower vertebrates, but more 
recent work, alluded to above, has con- 
firmed that these tenets hold in the 
mammalian CNS as well. Details re- 
garding the various categories in Table 
2 will be considered in turn in this re- 
view. Each of the four categories of 
signals is further subdivided in its own 
table (Tables 3 through 5). 


Macromolecules Surrounding or on 
the Surface of the Cell 


As listed in Table 3, macromolecules 
of the substrate," in the extracellular 
matrix," or on other cells'* may form 
pathways for neurite guidance medi- 
ated by adhesive forces. In the first 
category (la in Table 3) are included 
artificial substrates such as the poly- 
cations, polylysine and polyornithine. 
In addition, a variety of natural mole- 
cules in the extracellular matrix, such 
as collagen, fibronectin, and laminin, 
enhance outgrowth. Interestingly, 


some of these molecules are known 
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best to neurologists for their associa- 
tion with diseases (GM, ganglioside, 
heparan sulfate proteoglycan) rather 
than for their role in normal neuronal 
outgrowth (1b in Table 3). Also, a va- 
riety of adhesion molecules on the cell 
surface direct fiber growth by mediat- 
ing interactions between neurons or 
between neurons and glia or neurons 
and extracellular matrix (1c in Table 
3). Depending on the adhesion mol- 
ecule involved, these interactions can 
be calcium dependent or independent. 
There may be an adhesive hierarchy, 
involving several or even all of these 
macromolecules, which directs process 
extension since recently it has been 
shown that many of the substances in 
the extracellular matrix and/or on the 
cell surface bind specifically to one an- 
other. In some cases the binding is ho- 
mophilie (eg, neuronal cell adhesion 
molecule [N-CAM]|—binds to other 
N-CAM molecules), while in other 
cases the interaction appears to be be- 
tween disparate molecules (eg, laminin 
_ binds to heparan sulfate proteoglycan, 
N-CAM also binds to heparanlike mol- 
ecules, and Thy-1 binds to its putative 
receptor). Nerve growth factor-induc- 
ible large external [NILE ] glycoprotein 
and astrotactin seem to mediate, in 
part, neuron-glia interactions” (see 
discussion of this subject, below). 
Transiently expressed axonal glyco- 
protein (TAG-1) is a cell surface mol- 
ecule transiently present on axonal 
subsets in the embryonic rodent ner- 
vous system”; the termination of ex- 
pression of TAG-1 is often coincident 
with expression of NILE glycoprotein 
(see section 1c4 and 5 in Table 3 and 
also Table 5, section 3c1). In this man- 
ner, the coordinated regulation of gly- 
coproteins may contribute to stereo- 
typed projections of axons during 
development.'? Additional adhesion 
molecules (P8-4), limbic system-asso- 
ciated membrane protein [LAMP], and 
others) have just recently been identi- 
fied and are under active investiga- 
tion.” 

Cell-cell recognition mediated by 
cell surface molecules is important in 
directing processes toward their tar- 
gets; a well-studied example involves 
retinotectal connections.” One subset 
of cell surface factors (c, in Table 3) 
that appears to be important in adhe- 
sion is unique in that the molecules are 
anchored to neurons by an external 
phosphoinositol tail.***’ This is partic- 
ularly intriguing since the intracellu- 
lar breakdown of phosphoinositol to 
inositol trisphosphate is associated 
with mobilization of intracellular Ca’*, 
a phenomenon known to be correlated 
with neurite outgrowth and regen- 
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1. Macromolecules 
a. Of the substrate 


Table 3.—Factors for Process Growth * 


Reference No. 
























system and nervous system) 


(1) Polylysine, polyornithine, other polycations 14 
. In the extracellular matrix or basal lamina 19 
(1) Collagen 
(2) Fibronectin (binding via Arg-Gly-Asp = [RGD] 
(3) Laminin (three binding domains, including RGD) 16 
(4) Heparan sulfate proteoglycan (binds to laminin) 15 
(5) GM, ganglioside 
(6) Cytotactin (or tenascin; expressed by CNS glial cells; involved in 
neuron-glia adhesion) 87 
(7) Thrombospondin (expressed by CNS glial cells) 90 
(8) AMOG (expressed by CNS glial cells) 91 
(9) Myelin-associated glycoprotein (MAG; involved in 
neuron-oligodendrocyte interaction) 99 
. Neuronal surface components mediating cell-cell recognition, interactions, 
or adhesion (membrane glycoproteins) 19 
(1) Fibronectin and laminin receptors (integrins) 89 
(2) N-cadherin (mediates calcium-dependent adhesion) 88 
(3) Astrotactin (involved in neuron-glia adhesion) 86 
(4) NILE glycoprotein (also called L1, G4, 69A1, ASCS4, 8D9, or 
Ng-CAM; similar to F11, neurofascin) 100 
(5) TAG-1 (transiently expressed on axonal subsets) 21 
(6) P8-4 (expression begins in early CNS development) 22 
(7) LAMP (limbic system-associated membrane protein; mediates, in 
part, limbic axons to recognize appropriate targets) 23 
(8) Contactin (concentrated in areas of interneuronal contact at axonal 
surfaces) 101 
c,. Subset linked to neuron by glycosyl phosphoinositol tail 25, 26, 102 


(1) N-CAM (120 Kd MW form of neural cell adhesion molecule; binds to 
heparinlike molecules; promotes fasciculation of axons and hence 
pattern of growth; calcium-independent adhesion) 18 


(2) Thy-1 glycoprotein (possible selective recognition molecule in immune 


* CNS indicates central nervous system; AMOG, adhesion molecule on glia; NILE, nerve growth factor-induc- 
ible large external; N-CAM, neuronal cell adhesion molecule; and MW, molecular weight. 


eration. Nevertheless, the link be- 
tween the extracellular phosphoinosi- 
tol tail and subsequent intracellular 
events remains to be elucidated. Some 
factors that presumptively affect neu- 
rite outgrowth are shared by the im- 
mune and nervous systems (eg, Thy-1 
glycoprotein). Since the structure of 
Thy-1 is homologous to that of an im- 
munoglobulin and it occurs on rodent T 
cells as well as on most central neu- 
rons, it has been postulated to be a 
recognition molecule in both the ner- 
vous and immune systems.*!? The 
structure of several other adhesion or 
recognition molecules also resembles 
immunoglobulins, including N-CAM, 
NILE, myelin-associated glycoprotein 
(MAG), and contactin (Table 3). Treat- 
ment with specific Thy-1 antibodies or 
cross-linking Thy-1 monoclonal anti- 
bodies on the cell surface have been 
shown (1) to increase a transient Ca?* 
current and intracellular [Ca?*],°** and 
(2) to promote neurite outgrowth.” 
The hypothesis that these events are 
causally related is currently under in- 
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tensive investigation (see below). 

Other adhesion molecules have been 
described in other (nonnervous) tis- 
sues or in the nervous systems of lower 
vertebrates but not in the mammalian 
CNS (such as E-cadherin, P-cadherin, 
cell CAM 105, tenascin, thombospon- 
din, and fasciclin I-III).” Analogues of 
some of these molecules are already 
known to exist in the mammalian CNS 
and others may be encountered in the 
future. 

Diffusible Neuronotrophic Factors 

Table 4 summarizes a plethora of 
growth and trophic substances that 
promote survival and/or process initi- 
ation and elongation; the list grows 
longer every month. Some of these 
agents may form a chemoaffinity gra- 
dient of diffusible substance that in- 
fluences process outgrowth.* Nerve 
growth factor (2a in Table 4) was the 
first such substance described? and 
was shown to affect survival and out- 
growth of autonomic and sensory neu- 
rons in the peripheral nervous system. 
More recent work has shown that 
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Table 4.—Factors for Survival and/or Process Growth* 


2. Growth and trophic substances 
a. Nerve growth factor (NGF)—amelioration of cholinergic neuron atrophy in 



















CNS (?effect on Alzheimer’s disease) 38 
b. CNS growth extracts 
(1) From brain/retina: brain-derived neurotrophic factor, MW 12 kd 103 
(2) From denervated rat hippocampus 104 
(3) From goldfish injured optic nerve, acidic protein of MW 25 kd that 

promotes outgrowth of mammalian central neurons 105 

(4) From bovine brain, disulfide form of protein S1008 106, 107 
(5) From brain first found to be mitogenic for fibroblasts: acidic and basic 108 
FGFs—MW 16-18 kd, members of oncogene family; secreted by 39 
gliomas; potentiated by heparinlike molecules; also angiogenic 40 
42 
(6) From salivary gland or lectin-stimulated T cells: neuroleukin, MW 56 44 
kd; promotes survival of fetal spinal neurons in CNS and 45 
immunoglobulin secretion in immune system; partly homologous to 46 
HIV-1 envelope protein gp 120 that inhibits effect of neuroleukin 47 
on nerve cells; cDNA identical to glucose-6-phosphate isomerase 49 
48 
50 






(7) Vasoactive intestinal peptide (VIP) promotes neuronal survival; T 
sequence of VIP also ? homologous to HIV-1 gp 120; may effect 
HIV-1 by competing for ‘‘growth factor receptor site." 51 


(8) Various peptide mitogens (bombesin, substance P, substance K, 53 
vasopressin, epidermal growth factor, insulin, IGF-1, -Il) 















(9) 





Released by gliomas, inhibitors of serine proteases promote neurite 






outgrowth 56 
(10) Nicotinic cholinergic antagonists: enhance neurite elongation 63 
(11) NMDA channel antagonists: increase neuronal survival in ischemia 73 





models (dextrorphan; ketamine; MK-801) 






* CNS indicates central nervous system; FGF, fibroblast growth factor; HIV-1, human immunodeficiency virus 
type 1; cDNA, complementary DNA; IGF, insulinlike growth factor; NMDA, N-methyl-p-aspartate, and MW, mo- 
lecular weight. 


Table 5.—Factors for Process Growth 


Reference No. 


3. Mechanical guidance of neuronal processes 
a. Axons grow along radial glia during cerebellar development 
b. Avoid glial scar formation and provide guidance with 


(1) Polymer (Millipore) filter bridge as artificial corpus callosum in 
acallosal mice 


(2) Biodegradable or biocompatible nerve guides bridging cut axons to 
increase regeneration 


. Factors mediating recognition or adhesion of neurons and glia 
(see also Table 3) 


(1) N-cadherin 
(2) Ng-CAM (NILE glycoprotein) 


(3) Binding to receptors in the integrin family 
(4) Astrotactin 

(5) Cytotactin 

(6) Thrombospondin 

(7) AMOG 


(8) Thy-1 receptor on astrocytes to provide a pathway for neurons 
with Thy-1 glycoprotein on their surfaces 
4. Electrical fields and ionic channels/second messengers 
a. Neurites grow toward cathode when exposed to an electrical field; 
directional growth blocked by concanavalin A, suggesting the field 
may affect a neuronal surface glycoprotein 
b. Influence of second messengers on growth and survival: divalent 
cations entering via ion channels, cyclic nucleotides, phosphoinositol 
metabolites 





*Ng-CAM indicates neuron-glia cellular adhesion molecule; NILE, nerve growth factor-inducible large exter- 
nal; and AMOG, adhesion molecule on glia. 
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nerve growth factor also plays a role in 
the mammalian CNS where it en- 
hances the survival of cholinergic neu- 
rons. This finding has led to specula- 
tion that nerve growth factor might be 
able to ameliorate Alzheimer’s disease 
since cholinergic neurons in the basal 
forebrain are affected.* 

Other substances have been charac- 
terized to various degrees and their 
properties are summarized under sec- 
tion 2b in Table 4. The first five factors 
have been purified from the CNS (al- 
though basic fibroblast growth factor 
is located in many other tissues as 
well). In most cases, these factors ap- 
pear to be neurotrophic since they 
promote both survival and outgrowth 
of central mammalian neurons. Some 
of these growth factors may act pref- 
erentially on specific populations of 
central neurons. For example, basic fi- 
broblast growth factor enhances out- 
growth and survival of fetal hippo- 
campal and cortical neurons,*’*! while 
acidic fibroblast growth factor pro- 
motes survival and/or regeneration of 
processes by mature retinal ganglion 
cells in the presence of heparin.*?* 

The sixth factor listed, neuroleukin, 
is particularly intriguing since it has 
effects both in the immune and central 
nervous systems and is partly homol- 
ogous to the coat protein, gp120, of the 
acquired immunodeficiency syndrome 
(AIDS) virus, human immunodefi- 
ciency virus type 1.***° This has led to 
the speculation that the virus may in- 
terfere with the normal growth factor 
action of neuroleukin on nerve cells. 
Recent evidence, however, has shown 
that the structure of neuroleukin is 
identical to a complementary DNA 
cloned for the enzyme, glucose-6-phos- 
phate isomerase.“ This surprising 
result may indicate that the growth 
effect of “neuroleukin” was merely due 
to its ability to bind carbohydrates 
and, thus, act as a nonspecific lectin in 
promoting neuronal outgrowth and 
survival. 

Vasoactive intestinal peptide (VIP; 
section 2b7 of Table 4), an endogenous 
peptide neuromodulator, has been 
shown to influence the survival and the 
outgrowth of neurites of at least three 
populations of central neurons. These 
neurons include spinal motoneurons, 
hippocampal neurons, and retinal gan- 
glion cells. A particular sequence 
within the variable region of the coat 
protein, gp120, has been reported in 
many isolates of human immunodefi- 
ciency virus type 1 to be partly homol- 
ogous to a sequence of VIP known as 
peptide T, although these claims re- 
main controversial. Brenneman and 
colleagues” have found lethal effects of 
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the viral coat protein gp120 on cul- 
tured hippocampal neurons in the ab- 
sence of infectivity; these neurons can 
be rescued from killing by VIP. This 
finding has led to speculation that VIP 
or peptide T might be useful in the 
treatment of AIDS affecting the CNS. 
However, several mechanisms for the 
effect of VIP and peptide T in combat- 
ing the toxic in vitro effect of gp120 re- 
main possible. For example, VIP and 
gp120 may possibly compete for a com- 
mon site important in promoting neu- 
ronal growth and survival.” Recently, 
neuronal death induced by gp120 has 
been shown to be mediated apparently 
by an increase in intracellular depen- 
dent calcium current.” In addition, 
neuronal cell killing by gp120 in vitro 
was blocked by calcium channel an- 
tagonists such as nifedipine and 
nimodipine.” This finding may have 
important clinical therapeutic impli- 
cations for patients afflicted with CNS 
manifestations of AIDS, including 
blindness and dementia. 

Other peptides have been noted to be 
mitogenic for a variety of cells outside 
of the CNS and are listed in section 2b8 
of Table 4. Preliminary evidence has 
indicated that at least some of these 
peptides also prolong survival and out- 
growth of neurons in the brain. Re- 
cently, insulinlike growth factors I and 
II have been shown to have these 
actions on embryonic central neurons 
obtained from mammals and placed 
in culture.’ Similarly, epidermal 
growth factor displays trophic stimu- 
lation of neonatal rat brain neurons.*° 

In addition, certain enzymes may be 
important in neurite outgrowth. For 
example, inhibitors of serine proteases 
(section 2b9 of Table 4) are released by 
normal neuronal target tissues and by 
gliomas. These antagonists have been 
found to increase neurite outgrowth in 
the peripheral nervous system, and 
there is some suggestion that this 
effect may obtain in the CNS as well. 
Proteolytic activity may deter and dis- 
rupt the outgrowth or regeneration of 
growing nerve tips or growth cones. 
The mechanism of action of serine 
protease inhibitors may involve the 
inhibition of this proteolytic activity, 
thus encouraging growth. 


Classic Neurotransmitters Influence 
Neuronal Outgrowth and Survival 


Functional nicotinic cholinergic re- 
ceptors (section 2b10 of Table 4) have 
been found in several areas of the 
mammalian CNS, including hippo- 
campal cortex and retinal ganglion 
cells.” Trophic effects involving nico- 
tinic receptors are of some interest 
since brain regions affected by Alz- 
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heimer’s disease, which include human 
retinal ganglion cell neurons and cere- 
bral cortex, have been found to possess 
nicotinic receptors.” Recently, nico- 
tinic cholinergic blocking agents, such 
as mecamylamine and d-tubocurarine 
(curare), have been shown to enhance 
neurite elongation by mammalian ret- 
inal ganglion cells in culture.® This 
work raises the intriguing possibility 
that classic neurotransmitters may 
regulate growth as well as neuronal 
communication in the mammalian 
CNS. One explanation is that the nic- 
otinic antagonists decrease the tonic 
inhibition of process growth engen- 
dered by the action of acetylcholine on 
the neurons. Since acetylcholine has 
been shown to spontaneously leak in 
the intact retina, producing a tonic 
background level of this transmitter, 
this effect may represent a physiologic 
modulation of growth control. For ex- 
ample, the dendrites of the retinal 
ganglion cell neurons sprout in the di- 
rection of the amacrine cells, the neu- 
rons that release acetylcholine. Thus, 
the inhibition of growth by acetylcho- 
line may serve to stabilize the den- 
drites of the ganglion cells in the 
proper location to form synapses onto 
the amacrine cells. There is specula- 
tion that the mechanism of this action 
involves the influx of Ca** through the 
acetylcholine receptor-coupled chan- 
nels, as this has been shown to influ- 
ence genes involved in growth.” This 
example in the retina was the first il- 
lustration of an endogenous transmit- 
ter modulating neuronal outgrowth in 
the mammalian CNS, and now further 
examples have been found in other 
areas of the CNS.‘ 

For instance, activation of kainate 
or quisqualate receptors (two of the 
three major subtypes of glutamate re- 
ceptors in the brain) can inhibit neu- 
ronal process outgrowth. Applying low 
concentrations of agonists binding to 
these receptors produces regression of 
neurites growing from cultured hip- 
pocampal neurons.” Since explants of 
entorhinal cortex can release gluta- 
mate and recreate this regression ef- 
fect in vitro, this system, similar to the 
retina, may represent another exam- 
ple of an endogenous neurotransmitter 
regulating neuronal outgrowth.” It is 
possible that at very low doses some 
excitatory neurotransmitters may 
promote process outgrowth but be- 
come inhibitory to growth at only 
slightly higher concentrations or 
with more prolonged or widespread 
application.’ In addition, other inhib- 
itory factors to neurite outgrowth be- 
sides transmitters may influence re- 
generation in the mammalian CNS.‘ 
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While such capabilities of neuro- 
transmitters to alter cytoarchitecture 
provide a powerful substrate for neu- 
ral plasticity, they also pose the hazard 
of toxicity from overuse. For example, 
overstimulation of kainate and possi- 
bly quisqualate receptors may exert a 
deleterious effect on neuronal survival. 
Intense or prolonged activation of 
these receptors may cause acute swell- 
ing and even death in long-term cul- 
tures of embryonic hippocampal and 
cortical neurons.” Of even greater 
importance to neuronal survival is 
N-methyl-D-aspartate (NMDA) or an 
endogenous substance, such as gluta- 
mate, that binds to the NMDA subtype 
of glutamate receptors in the brain. 
Several groups of investigators have 
now shown that neuronal death may 
be predominantly mediated by activa- 
tion of NMDA receptor-coupled ion 
channels and subsequent excessive 
Ca** entry. This mechanism may be 
important in a variety of neurologic 
maladies, including ischemia, anoxia, 
seizures, and several neurodegenera- 
tive diseases. Conversely, several an- 
tagonists that inhibit binding to the 
NMDA receptor or that directly block 
the NMDA-activated ion channels ap- 
pear to protect neurons from this form 
of toxicity, increasing their survival 
and permitting process outgrowth. 
These actions have been demonstrated 
in vitro as well as in vivo.””* Some of 
these agents are listed in section 2b11 
of Table 4. The most potent NMDA 
channel blocker known to date, 
MK-801, acts as an uncompetitive in- 
hibitor, ie, the effect of the antagonist 
is contingent on prior activation by the 
agonist. What results is quite antithet- 
ical to the action of most drugs: 
MK-801 inhibits the effect of higher 
concentrations of NMDA better than 
lower concentrations of NMDA.” 
MK-801 is also permeant to the blood- 
brain barrier, making systemic admin- 
istration possible. Since NMDA recep- 
tors are activated in long-term poten- 
tiation (thought to represent a phys- 
iologic correlate of learning or mem- 
ory), one would want to leave relatively 
untouched normal receptor activity 
but at the same time antagonize the 
effects of massive stimulation of these 
receptors, such as that thought to oc- 
cur during a stroke because of escalat- 
ing glutamate levels. MK-801 holds the 
promise of being such a drug. How- 
ever, phencyclidine (angel dust) dis- 
plays a similar (although less potent) 
action to MK-801 in blocking NMDA- 
activated ion channels. If the halluci- 
nogenic properties of phencyclidine 
are linked to its action on NMDA 
channels rather than to its other bind- 
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ing site (the o-opiate site), then side 
effects will be a major concern in 
planned clinical trials of MK-801 for 
patients who have suffered a stroke. 


Structural/Mechanical Factors for 
Neurite Growth 


Mechanical guidance of nerve pro- 
cesses may also be important for their 
outgrowth and regeneration (section 3 
in Table 5). It has been known for more 
than 50 years that axonal growth is 
influenced by mechanical factors such 
as scratches in the substratum or thin 
threads.” Similarly, axons appear to 
associate preferentially with radial 
glia in the cerebellum during out- 
growth and migration (section 3a of 
Table 5).*' Microchannels through glial 
end-feet may play a role in guiding 
growing neurites. Mimicking the effect 
of glia, an artificial bridge or guide 
made of a polymer (Millipore) filter 
can be used to increase development of 
axons crossing the corpus callosum in 
acallosal mice (section 3bl of Table 
5). Although this was a study of 
development rather than of regenera- 
tion, the principle of mechanical bridg- 
ing may be applicable in both cases. To 
increase regeneration of severed optic 
nerve fibers, biodegradable or biocom- 
patible nerve guides that consist of 
small hollow tubes are being tested; 
the tubes are filled with growth factors 
that have been found in vitro to pro- 
mote retinal ganglion cell survival and 
process outgrowth (section 3b2 in Ta- 
ble 5)." 


Neuron-Glia Interactions 


The knowledge of cell surface mole- 
cules that mediate neurite extension 
on astrocytes is important for two 
reasons. First, the astrocyte surface is 
an important route for mechanical 
stability during elongation of axons in 
normal CNS development.*'* Second, 
one possible cause for the lack of CNS 
regeneration in the adult is thought to 
involve the inability of glial cells to 
support sufficient regrowth of 
axons.: Thus, the study of the mo- 
lecular mechanisms of the growth of 
neurites on astrocytic surfaces may 
reveal insights into methods for im- 
proving regeneration. Several factors 
have now been identified that may me- 
diate selective adhesion or recognition 
between neurons and glia (section 3c in 
Table 5; note that some of these 
agents—such as for neuron-glia cellu- 
lar adhesion molecule [Ng-CAM also 
known as NILE glycoprotein]|—were 
listed previously as adhesion factors in 
section lc of Table 3). Astrotactin (on 
the cell surface) and cytotactin (in the 
extracellular matrix) are two recently 
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discovered glycoproteins involved in 
neuron-glia adhesion.***’ In addition, 
N-cadherin on neurons interacts with 
the surface of astrocytes to facilitate 
process outgrowth.* The integrins are 
a class of cell surface receptors on 
neurons that promote outgrowth by 
binding to molecules produced by as- 
trocytes such as laminin.'**? Neurite- 
promoting activity by other proteins 
expressed by CNS glial cells in vitro 
may also be important; these mole- 
cules include thrombospondin and ad- 
hesion molecule on glia (AMOG).””! 

A receptor on astrocytes that binds 
to the Thy-1 molecule of neurons has 
recently been identified (section 3c3 in 
Table 5).” Thy-1 is the most abundant 
glycoprotein on the surface of many 
neurons (representing 2.5% to 7.5% of 
the total membrane protein).” Thus, 
among other possible functions, a Thy- 
1 receptor might be expected to in- 
crease neuronal adhesion to astrocytes 
and thereby promote process out- 
growth and regeneration. Leifer et al” 
and Lipton et al* have shown that 
Thy-1 antibodies, which in some ways 
mimic an endogenous receptor by 
binding to Thy-1, enhance regenera- 
tion of processes by retinal ganglion 
cells. In addition, Manhanthappa and 
Patterson™ have recently shown that 
antibodies to Thy-l promote out- 
growth of neurites from the PC12 cell 
line. Interestingly, when genetically 
engineered not to express Thy-1 on 
their surface, PC12 cells grow abun- 
dant processes, but PC12 cells with 
Thy-1 grow few processes in the ab- 
sence of antibody. These authors sug- 
gest that these data may imply that 
Thy-1 is an endogenous inhibitory reg- 
ulator to neuronal growth which, when 
blocked with antibody, is permissive 
for both growth and regeneration in 
the nervous system.” If adhesion is 
important in this inhibitory function 
of Thy-1, one mechanism possibly in- 
volved may be a “fly paper effect” 
whereby the abundant Thy-1 glycopro- 
tein on neurons can under certain con- 
ditions produce immobilization by 
binding to its receptor on the astrocyte 
surface. 


Electrical Activity, lon Channels, and 
Second Messengers That Mediate 
Effects on Neuronal Survival and 

Process Outgrowth 


Another important influence on the 
direction of neural process outgrowth 
is electrical fields (section 4a in Table 
5). Neurite outgrowth from explants is 
asymmetric in an electrical field.” Sin- 
gle cells dissociated from the neural 
tube of Xenopus grow toward the cath- 
ode. This directional growth is blocked 


by concanavalin A that binds to spe- 
cific carbohydrate groups, suggesting 
that in some way the field may be af- 
fecting neuronal surface glycopro- 
teins.” Recently, the principles of elec- 
tric fields have been applied to mam- 
malian CNS neurons as well to induce 
directionally oriented regeneration.” 
Since normal neuronal activity con- 
stantly generates electrical fields, this 
type of effect may be important in vivo 
as well. 

The intracellular messages that are 
triggered by and mediate these various 
growth mechanisms are just now be- 
ginning to be elucidated. Considerable 
evidence has already mounted that 
second messengers are involved, such 
as Ca** entering through ionic chan- 
nels in the membrane or being released 
from internal stores.**° Other signals 
have been implicated as well: neuronal 
process outgrowth and cell death are 
influenced by cyclic nucleotides gener- 
ated following activation of surface 
membrane receptors and by the prod- 
ucts of phosphoinositol metabolism 
that mobilize intracellular Ca** and/or 
result in protein phosphorylation by 
protein kinase A or C.**:*?°”8 An under- 
standing of the cellular mechanism(s) 
of neuronal death and of process initi- 
ation and elongation will undoubtedly 
lead to a better ability to control them. 


WHAT THE CLINICAL NEUROLOGIST 
CAN EXPECT 


This review has attempted to outline 
the highlights of an exciting and rela- 
tively new field concerned with the 
prevention of cell death and the pro- 
motion of neuronal process regrowth 
after insults to the mammalian CNS. 
This was not intended as an in-depth 
review of each factor but rather a 
framework with a complete compila- 
tion of the various molecular signals or 
growth mechanisms that have been 
studied to date. As many of these fac- 
tors are now entering a phase of more 
intensive study, and even clinical trials 
in some cases, it will become increas- 
ingly important for those concerned 
with the treatment of CNS diseases to 
stay abreast of this field. In the future, 
clinical neurologists will be called on to 
participate in the practical application 
of these agents to patients afflicted 
with neurologic diseases. 
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Left Ventricular Thrombus and Systemic Emboli 
Complicating the Cardiomyopathy 
of Duchenne’s Muscular Dystrophy 


James F. Gaffney, MD; William J. Kingston, MD; Leon A. Metlay, MD; Raymond Gramiak, MD 


è A 17-year-old boy with Duchenne’s 
muscular dystrophy and congestive cardi- 
omyopathy with a left ventricular throm- 
bus is described. The patient presented 
with flank pain, and computed tomogra- 
phy of the abdomen revealed multiple 
bilateral renal infarcts. An echocardio- 
gram delineated a left ventricular throm- 
bus and generalized hypokinesis with a 
left ventricular ejection fraction of 25%. 
Heparin therapy was started, but the pa- 
tient died of refractory congestive heart 
failure. Autopsy revealed diffuse skeletal 
myopathy consistent with Duchenne’s 
muscular dystrophy as well as biventricu- 
lar cardiomyopathy with a recent left ven- 
tricular apical-septal mural thrombus. 
Right atrial thrombus, a left upper lobe 
pulmonary embolus, and splenic and renal 
infarcts were also noted. To our knowl- 
edge, this is the first reported case of left 
ventricular thrombus with or without sys- 
temic emboli in the cardiomyopathy of 
Duchenne’s muscular dystrophy. 

(Arch Neurol. 1989;46: 1249-1252) 


Cardiac disease has been a recog- 
nized complication of Duchenne’s 
muscular dystrophy (DMD) since the 
late 19th century.' Early reports failed 
to differentiate reliably between the 
various “progressive muscular dys- 
trophies” obscuring disease-specific 
relationships.** The electrocardio- 
graphic’! and pathologic'*”'''*"* find- 
ings in DMD have been thoroughly de- 
lineated in subsequent studies. Exten- 
sive echocardiographic’®*’ data have 
added considerably to our understand- 
ing of DMD cardiomyopathy. Other 
technologies utilized in studying the 
cardiomyopathy of DMD have in- 
cluded vectoreardiography,> systolic 
time intervals,'°?!?°’? thallium-201 
imaging,” technetium-99 scanning,” 
and positron emission tomography.” 
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Despite the voluminous literature, 
several issues remain unsettled. For 
instance, estimates of the incidence of 
cardiac causes of death in DMD have 
varied from 9%* to 50%." A related 
uncertainty concerns the incidence of 
symptomatic congestive cardiomyopa- 
thy with advancing skeletal weakness 
and with advancing age. One extensive 
study of the natural history of 283 pa- 
tients with DMD reported 25 deaths 
during the study period.” Nine pa- 
tients died of “cardiac failure,” but 
this is not further defined. Without a 
more complete understanding of the 
natural history of cardiomyopathy in 
DMD, the assessment of therapeutic 
trials using natural history controls” 
will be hampered. Respiratory support 
in DMD may result in an increase in 
cardiac deaths in DMD, as suggested 
by some authors.* Assisted ventilation 
may also prolong life, with a positive 
effect on deteriorating pulmonary 
function® and an improvement in 
hypoxemia-associated cardiac dys- 
function.” The counseling of DMD pa- 
tients and their families regarding as- 
sisted ventilation would be aided by a 
better understanding of the natural 
history of Duchenne’s cardiomyopa- 
thy. 

In our experience at the University 
of Rochester (NY) Neuromuscular Dis- 
ease Center, congestive heart failure is 
an uncommon cause of death in DMD.” 
We report the clinical course and au- 
topsy findings in a 17-year-old patient 
with DMD and congestive heart fail- 
ure complicated by a left ventricular 
thrombus and systemic emboli. Based 
on a review of the literature, this case 
proved to be unique. 


REPORT OF A CASE 


A 17-year-old boy with DMD presented to 
the emergency department after 2 days of 
right flank pain, anorexia, and nausea. He 
had been followed up at the University of 
Rochester Neuromuscular Disease Center 
since he was 10 years of age. 

His gestational and birth history was 
unremarkable. He walked at 14 months of 
age. He was noted to be motorically delayed 
at 2 years of age, and developed a waddling 


gait by 3.5 years of age. When he was 5 years 
old he was seen by a pediatric neurologist 
and was described as lordotic, with calf and 
tongue pseudohypertrophy, scapular wing- 
ing, proximal greater than distal weakness 
in all extremities, and a Gower’s sign. His 
creatine kinase level was reported to be 
greater than 2000 U/L. His mother’s creat- 
ine kinase level was elevated at 114 U/L, 
and his sister’s creatine kinase level was 113 
U/L (normal, 5 to 30 U/L). There was no 
family history of neuromuscular disease. 

At 10 years of age the patient was wheel- 
chair bound, with advanced joint contrac- 
tures and a thoracolumbar kyphoscoliosis. 
There was less than antigravity strength in 
most proximal muscles and neck flexors, as 
well as calf and tongue enlargement. The 
cardiac point of maximal impulse was not 
displaced, and a grade 2 (of 6) soft ejection 
systolic murmur was heard at the left lower 
sternal border. An electrocardiogram was 
consistent with DMD, with tall right pre- 
cordial R waves (R/S ratio in V, equal to 1.4) 
and deep Q waves in V, and V, (Fig 1). The 
cardiac silhouette was normal on the chest 
roentgenogram. 

The patient showed slow progression of 
his weakness over the next several years. 
An electrocardiogram obtained 3 months 
before the patient’s final admission showed 
new Q waves in I, II, and aVL, but the car- 
diac shadow was unchanged radiographi- 
cally. His forced vital capacity was 1.15 L at 
that time. 

Evaluation in the emergency department 
disclosed the following values: blood pres- 
sure, 90/60 mm Hg; pulse rate, 120 beats per 
minute; temperature, 36.5°C; respiratory 
rate, 24 breaths per minute; and forced vi- 
tal capacity, 1.0 L. Scleral icterus and ten- 
derness of the right upper abdominal quad- 
rant and right flank were noted. There were 
mildly diminished breath sounds in the 
basilar lung fields, and heart tones were 
normal. 

A chest roentgenogram was rotated but 
normal, and an electrocardiogram was no- 
table for increased P-terminal negativity in 
V, from prior tracings. The total bilirubin 
level was 58.14 mol/L; direct bilirubin, 3.42 
umol/L; lactate dehydrogenase, 336 U/L; 
hematocrit, 0.39, with a normal peripheral 
smear; and reticulocyte count, 19 x 10°. 
The alkaline phosphatase, amylase, aspar- 
tate aminotransferase, y-glutamyltrans- 
ferase, and serum electrolyte levels and 
white blood cell count were normal. The 
urinary sediment contained a few white 
blood cell and red blood cell casts and sev- 
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Fig 1. cee re with recordings of V, through Vs at half standard. This shows tall right 
precordial R waves and deep Q waves in V, and Ve. 


eral granular and mixed cellular casts. 
Findings of roentgenography and ultra- 
sound of the abdomen were normal. 

On the second hospital day, the patient’s 
temperature was 39°C, and a mild leukocy- 
tosis was noted. Results of a second urinal- 
ysis were normal. The level of lactate dehy- 
drogenase rose to 791 U/L, and the level of 
total bilirubin rose to 78.66 uwmol/L. Cul- 
tures of blood, urine, and sputum were neg- 
ative. By the third day, the patient’s fever 
had abated and his flank pain improved. A 
hepatitis profile and direct Coomb’s test 
were negative. A computed tomographic 
scan of the abdomen revealed multiple, 
predominantly right-sided, wedge-shaped 
renal lucencies. Subsequent urinary cul- 
tures were negative, and the urinary sedi- 
ment remained clear. 

The next day the patient’s hematocrit 
was 0.31; the white blood cell count was 
11.4 X 10°/L, with a normal differential cell 
count; and the total bilirubin level was 44.46 
„mol/L. His abdominal and flank pain con- 
tinued to diminish. On the evening of the 
fifth hospital day, the patient complained of 
shortness of breath. His blood pressure was 
108/64 mm Hg; his pulse rate was 108 beats 
per minute; his respiration rate was 20 
breaths per minute; and he was afebrile. 
Auscultation revealed a few scattered rhon- 
chi and normal heart sounds. Results of ar- 
terial blood gas analysis on 2 L/min of sup- 
plemental oxygen were as follows: pH, 7.41; 
Po., 103 mm Hg; and Pco,, 27 mm Hg. The 
patient became tachypneic, had a respira- 
tory arrest, and was intubated. Chest roent- 
genograms showed bilateral pleural effu- 
sions and pulmonary vascular congestion. 
The patient subsequently became hypoten- 
sive and febrile (39°C). A Swan-Ganz cath- 
eter was placed with a central venous pres- 
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sure of 12 mm Hg, a pulmonary artery 
pressure of 58/35 mm Hg, a pulmonary 
capillary wedge pressure of 29 mm Hg, and 
a cardiac index of 1.8 L/min per square 
meter (cardiac output, 2.7 L/min). Furo- 
semide, dopamine, and antibiotic therapy 
was instituted. An echocardiogram demon- 
strated a dilated, globally hypokinetic left 
ventricle with a left ventricular ejection 
fraction of 0.25. An echogenic left ventric- 
ular apical thrombus was located at the 
cardiac apex, and the left atrium was en- 
larged at 5.6 cm. Heparin therapy was ini- 
tiated, but despite aggressive diuresis and 
treatment with multiple intravenous pres- 
sor agents, the patient became increasingly 
hypotensive and died the following morn- 


ing. 
AUTOPSY FINDINGS 


A complete autopsy was performed. 
Examination of the central nervous 
system disclosed no pathologic 
changes. Peripheral nerves displayed 
mild focal endoneurial fibrosis and de- 
myelination. Skeletal muscle was 
markedly abnormal, with rounded fi- 
bers of variable size, individual fibers, 
and small clusters surrounded by fi- 
broadipose tissue and extensive endo- 
mysial fibrosis in some areas. Many fi- 
bers had internal nuclei, and rare ne- 
crotic fibers were seen. Frozen sections 
of tongue muscle stained for adeno- 
sinetriphosphatase were without fi- 
ber-type grouping. 

There were multiple recent renal 
cortical infarcts, more on the right, 
and a wedge-shaped splenic infarct 





Fig 2.—Gross photograph of sliced heart. The 
left ventricle is markedly dilated. Myocardial fi- 
brosis is visible as a pale band, most prominent 
on the right. 


(3 X 4 cm). There were focal renal tu- 
bular necrosis and dilatation consis- 
tent with acute tubular necrosis. The 
liver had severe centrilobular conges- 
tion. The lungs had diffuse chronic 
passive congestion of all lobes with 
iron-laden macrophages within alve- 
oli. There was a wedge-shaped hemor- 
rhagic infarct in the left upper lobe in 
association with a platelet-fibrin 
thromboembolus in a larger blood ves- 
sel. 

The heart weighed 545 g and both 
ventricles were dilated (Fig 2). A large 
anteroseptal mural thrombus and a 
1.5-cm posterior right atrial thrombus 
were very recent, with lines of Zahn 
but without endothelialization or 
granulation tissue. Cardiac valves and 
coronary arteries were normal. There 
were focal areas of transmural fibrosis 
in all ventricular walls, most promi- 
nently in the subepicardial myocar- 
dium and most extensively in the pos- 
terior free left ventricular wall. 


COMMENT 


In idiopathic dilated cardiomyopa- 
thy, the incidence of left ventricular 
thrombi demonstrated at autopsy is 
between 25% and 46%." The inci- 
dence of systemic emboli seen at au- 
topsy or documented clinically in such 
cases has been reported at 8% to 
19%, the incidence being higher 
in cases complicated by atrial 
fibrillation.°° In patients with idio- 
pathic cardiomyopathy as well as in 
patients dying after acute myocardial 
infarction, approximately half of all 
cardiogenic emboli travel to the cen- 
tral nervous system.*! 

There is an inherent danger in gen- 
eralizing these results to different pop- 
ulations of patients; nevertheless, it is 
instructive to do so. If 10% of deaths in 
DMD are associated with refractory 
severe cardiomyopathy, then a conser- 
vative estimate of the incidence of left 
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ventricular thrombi post mortem 
would be 1 in 40 cases; and of systemic 
emboli, approximately 1 in 100 cases. A 
stroke would occur in approximately 
0.5% of patients with DMD by post- 
mortem examination. 

These extrapolations presuppose 
that the congestive cardiomyopathy is 
of at least a few years’ duration and of 
a sufficient severity to impair left ven- 
tricular emptying. 

In a limited review of the literature 
we were able to find 59 postmortem 
cases of Duchenne’s cardiomyop- 
aaa alice he The hetero- 
geneity of prior reports of “progressive 
muscular dystrophy” makes the accu- 
mulation of larger numbers of cases 
difficult. 

Pulmonary emboli are described in 
two of these cases.” However, we 
found no reports of left ventricular 
thrombi or systemic emboli, including 
strokes. In a recent retrospective 
study” of 52 patients with DMD and 14 
patients with Becker’s variant who 
were followed up from 3 to 17 years, 
there were no cerebrovascular acci- 
dents, although electrocardiographic 
abnormalities were seen in 83% and 
50% of the two groups, respectively. To 
our knowledge, there are no reported 
clinical cases of stroke, systemic em- 
boli, or left ventricular thrombi in 
DMD or Becker’s muscular dystrophy. 

Several factors may be implicated in 
the apparently low incidence of car- 
diogenic emboli and ventricular 
thrombi in Duchenne’s cardiomyopa- 
thy. Clearly, the very low incidence of 
atrial fibrillation in Duchenne’s 
cardiomyopathy’!'!}4?445 and the lack 
of primary valvular pathologic 
features'*'*** decrease the risk of sys- 
temic emboli considerably. However, 
left ventricular thrombi and systemic 
emboli occur in primary nonvalvular 
myocardial disease more commonly in 
the absence of atrial fibrillation.**° 
The relatively high incidence of mitral 
valve prolapse in DMD"*“* seems to 
be a result of papillary muscle 
dystrophy" and not of intrinsic valvu- 
lar pathologic features. 

Another anatomic consideration is 
the pathologic anatomy of myocardial 
dystrophy as an epimyocardial degen- 
erative process. Most investigators 
find that the endomyocardium is 
spared, as in our patient. In acute my- 
ocardial infarction, ventricular 
thrombi often overlie damaged 
endocardium.*! However, in acute my- 
ocardial infarction as well as in pri- 
mary myocardial disease,” most 
thrombi are apical-septal and seem to 
reflect “relative stasis of blood within 
the heart’”* rather than endomyocar- 
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dial damage. The apical-septal loca- 
tion in our patient with preserved un- 
derlying endocardium would support 
this second mechanism. 

Another potential factor is a dimin- 
ished propensity for intramuscular 
thrombosis in DMD. Blood compo- 
nents do not contain detectable 
dystrophin,” and we are unaware of 
any coagulation abnormalities in 
DMD. There were two cases of pulmo- 
nary emboli in the 59 cases reviewed, 
as noted previously. The possibility 
that patients with DMD have some al- 
teration in intravascular clotting 
mechanisms cannot be excluded but is 
not supported in the literature. 

A further possibility is that the in- 
cidence of severe terminal congestive 
cardiomyopathy in DMD is less com- 
mon than has previously been esti- 
mated. The pervasive occurrence of 
myocardial disease in DMD is well 
documented in clinical, electrocardio- 
graphic, and pathologic studies. How- 
ever, terminal congestive cardiomyop- 


athy is probably rarer than the 50% 


incidence reported from Campania, 
Italy." 

The life span and causes of death in 
patients with DMD who are receiving 
long-term assisted ventilation are not 
well documented at this time. It is 
plausible that assisted ventilation may 
improve cardiac function, at least 
transiently, and perhaps diminish the 
incidence of refractory congestive 
heart failure. There will certainly be a 
small percentage of patients with ir- 
reversible myocardiac dysfunction 
culminating in a cardiac death, as in 
our case. 
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Painful Oculomotor Nerve Palsy due to 
Dural-Cavernous Sinus Shunt 


Simon H. B. Hawke, MBBS; Mare A. Mullie, MD, FRCSC; William F. Hoyt, MD; John M. 


G. Michael Halmagyi, MB, FRACP 


èe Two patients presented with painful 
unilateral oculomotor nerve palsies with- 
out evidence of ocular congestion or hy- 
poxia. They were initially thought to have 
posterior communicating or distal internal 
carotid aneurysms, but had, in fact, dural- 
cavernous sinus shunts, draining posteri- 
orly into the inferior petrosal sinus. One 
patient later developed a moderately se- 
vere congestive ophthalmopathy, and re- 
peated selective carotid arteriograms 
showed that the shunt was now draining 
anteriorly into the superior ophthalmic 


ural-cavernous sinus shunts are 
formed when thin-walled dural 
vessels rupture into the cavernous si- 
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vein. In the other patient, the oculomotor 
nerve palsy resolved without the develop- 
ment of any further signs. These observa- 
tions support the concept that dural-cav- 
ernous sinus shunts produce symptoms 
that are dependent on the direction of 
drainage from the shunt. It is clear that the 
direction of drainage can change and that 
thrombosis of the posterior cavernous si- 
nus determines the direction of drainage. 
The exact mechanism of the cranial neur- 
Opathy is, however, unknown. 
(Arch Neurol. 1989;46:1252-1255) 


nus. If the shunt drains anteriorly into 
the superior ophthalmic vein, a red 
eye, proptosis, ophthalmoparesis, and 
ischemic oculopathy occur. Redness of 
the eye, due to conjunctival and epis- 
cleral vessel distention, may be the 
only clue to the diagnosis. Posteriorly 
draining dural shunts are less fre- 
quent. When they do occur they usu- 
ally cause an isolated abducens nerve 
palsy! without congestion of the ex- 
traocular muscles. Oculomotor nerve 
palsy, associated with posteriorly 
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draining dural-cavernous sinus 
shunts, has not been described previ- 
ously. We describe two patients who 
developed painful unilateral oculomo- 
tor nerve palsies without evidence of 
proptosis or ocular congestion. Ex- 
panding distal internal carotid or pos- 
terior communicating artery aneu- 
rysms were suspected, but a diagnosis 
of dural-cavernous sinus shunt drain- 
ing posteriorly into the inferior petro- 
sal sinus was made by selective carotid 
angiography. In one patient, a red eye, 
proptosis, and retinal venous conges- 
tion developed when the drainage of 
the shunt later changed from the infe- 
rior petrosal sinus to the superior 
ophthalmic vein. 


REPORT OF CASES 


CASE 1.—A 58-year-old woman developed 
sudden severe right-sided orbitofrontal 
headache. Four weeks later she noted diplo- 
pia and, after another week, she developed 
right ptosis and a dilated right pupil. On 
examination her visual acuity and ocular 
fundi appeared normal. There was a right- 
sided partial ptosis, a 6-mm dilated but re- 
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Fig 1.—Case 1. Normal superior ophthalmic vein (top left) and normal extraocular muscles (bottom left) at initial presentation 
with posterior venous drainage. Engorgement of superior ophthalmic vein (top right) and extraocular muscles (bottom right) 
at second presentation with anterior drainage. 


active right pupil, impairment of right eye 
adduction, subjective diminution in right 
facial sensation, and a depressed right cor- 
neal reflex. There was no proptosis, bruit, or 
conjunctival injection. The provisional di- 
agnosis was internal carotid or posterior 
communicating artery aneurysm. A com- 
puted tomographic scan of the orbits and 
cavernous sinus region was normal (Fig 1), 
but a selective right internal carotid angio- 
gram demonstrated a parasellar vascular 
blush (Fig 2). The meningohypophyseal 
trunk was prominent and early drainage 
into the posterior cavernous and inferior 
petrosal sinuses was evident. Although the 
diagnosis of dural-cavernous sinus shunt 
was considered, an exploratory right sub- 
temporal craniectomy was performed. A 
reddish vascular lesion was identified me- 
dial and inferior to the posterior clinoid 
process arising from the dura. A biopsy 
specimen of the lesion revealed small blood 
vessels of varying size and structure, held 
together by a relatively dense collagenous 
stroma (Fig 3). These appearances were 
thought to be consistent with an arterio- 
venous malformation. Over the next few 
months there was steady lessening of the 
ptosis and improvement in the right eye 
adduction. Four months later she suddenly 
developed visual blurring, proptosis, and 
redness of her right eye; she was then 
referred for a neuro-ophthalmological eval- 
uation. Examination at that time revealed 
a visual acuity of 20/50 OD, and 20/20 OS, 
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severe right conjunctival injection, moder- 
ate proptosis, and periorbital edema. Al- 
though intraocular pressure was normal, 
the retina of the right eye showed marked 
venous distention and tortuosity, intraret- 
inal hemorrhages, and mild disc swelling. 
No orbital bruit was heard. Limitation of 
elevation and adduction of the right eye was 
noted. A computed tomographic scan now 
showed enlarged extraocular muscles and 
dilatation of the superior ophthalmic vein 
(Fig 1). Right internal and external carotid 
angiograms confirmed that the cavernous 
sinus now drained anteriorly into the supe- 
rior ophthalmic vein (Fig 4). It was clear 
from these studies that both the external 
and the internal carotid artery systems 
supplied the dural-cavernous sinus shunt. 
There was no filling of the inferior petrosal 
sinus on this occasion. Over several months 
the proptosis and ocular congestion re- 
solved, but, at the time of this writing, the 
patient still has mild ptosis and impair- 
ment of right eye adduction and elevation. 

CASE 2.—A 57-year-old woman developed 
sudden right-sided temporal and orbital 
pain. Two hours later she had signs of a to- 
tal oculomotor nerve palsy. The right pupil 
was dilated and nonreactive, while the left 
measured 4 mm and reacted normally. Her- 
tel exophthalmometer readings were equal 
on the two sides. There was no injection or 
chemosis of the conjunctivae. No bruit was 
audible over the eyes or the temples. The 
remainder of the neuro-ophthalmological 
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examination was normal. A right internal 
carotid arteriogram revealed a dural-cav- 
ernous sinus shunt between the meningo- 
hypophyseal trunk of the intracavernous 
internal carotid artery and the posterior 
part of the right cavernous sinus draining 
into the inferior petrosal sinus (Fig 2). The 
anterior cavernous sinus and orbital veins 
were not opacified. Selective angiograms 
showed that the right and left external, and 
left internal carotid arteries all contributed 
to the shunt via meningeal branches. Mul- 
tiple 0.25- to 0.5-mm particles of polyvinyl 
alcohol sponge (Ivalon) were subsequently 
injected through the catheter into both in- 
ternal maxillary branches of the external 
carotid arteries. The external carotid ar- 
tery contribution to the shunt was obliter- 
ated. The oculomotor nerve palsy resolved 
over the next 6 weeks. 


COMMENT 


Dural-cavernous’ sinus shunts 
should be considered in the differen- 
tial diagnosis of patients presenting 
with painful ophthalmoplegia. Carotid 
angiography is indicated in most of 
these cases to exclude an aneurysm of 
the posterior communicating artery. If 
conventional internal carotid angiog- 
raphy is negative, a dural-cavernous 
sinus shunt should be suspected and 
external carotid angiography per- 
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Fig 2.—Posterior drainage of dural arteriovenous malformation (arrows) into inferior petrosal si- 
nus (arrowheads) producing oculomotor nerve palsy (case 1, top left and right; case 2, bottom 
left and right). 





Fig 3.—Case 1. Biopsy specimen of vascular lesion medial and inferior to the posterior clinoid 
process arising from the dura showing a marked increase in the number of dural blood vessels 
(hematoxylin-eosin, X200). 
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formed. Evidence of early filling of the 
cavernous sinus or of a definite arteri- 
ovenous malformation should be 
sought on subtracted films. 

Although obliteration of dural-cav- 
ernous sinus shunts is possible by 
catheter techniques, many patients 
with these lesions will spontaneously 
improve’ and treatment should be re- 
served for those with deteriorating vi- 
sion or disabling symptoms. However, 
acute visual deterioration or exacer- 
bation of headache can paradoxically 
precede spontaneous resolution. In 
this setting, magnetic resonance im- 
aging suggesting thrombosis of the 
superior ophthalmic vein can obviate 
the need for angiography and emboli- 
zation.’ Although it is probable that 
most posteriorly draining dural-cav- 
ernous sinus shunts can be managed 
conservatively, if the direction of 
drainage changes, later intervention 
may be required and patients should 
be followed up closely. 

The cause of cranial neuropathy in 
posteriorly draining dural-cavernous 
sinus shunts is not known. Various 
mechanisms have been proposed, in- 
cluding neural compression, venous 
congestion, venous thrombosis, and 
vascular steal. It is doubtful that 
venous congestion or neural compres- 
sion are the major causes of the cranial 
neuropathy, as the venous pressure, 
and, hence, the degree of distention at 
the level of the posterior cavernous si- 
nus in low-pressure dural shunts 
draining into normal venous sinus 
pathways, is unlikely to be significant. 

When shunted blood drains anteri- 
orly, thrombosis of part or all of the 
cavernous or inferior petrosal sinus is 
usually present.*° When dural-caver- 
nous sinus shunts drain posteriorly, 
however, there is no angiographic ev- 
idence of venous sinus thrombosis and 
thus venous infarction of cranial 
nerves seems unlikely. 

The vascular steal hypothesis is su- 
perficially attractive. Newton and 
Hoyt’ found that the most common 
arterial feeders to dural cavernous- 
sinus shunts were the meningohy- 
pophyseal trunk (the first intracavern- 
ous internal carotid branch) and the 
internal maxillary branches of the ex- 
ternal carotid system. Vinuela et al! 
found that the inferolateral trunk and 
the middle meningeal artery also con- 
tributed to the supply of dural arteri- 
ovenous malformations within the re- 
gion. If the hypothesis of vascular steal 
is tenable in case 1, then these arterial 
systems must supply the oculomotor 
nerve and the trigeminal nerve (most 
likely at the ganglion level, as all three 
divisions were affected). Parkinson’ 
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Fig 4.—Case 1. Carotid angiography at second presentation demonstrating anterior drainage (arrowheads) from dural arte- 
riovenous malformation (arrows) that now fills from internal carotid (left) and external carotid (right) injection. Absence of pos- 
terior drainage implies thrombosis of this channel. 


and Harris and Rhoton'® have shown 
that branches of the intracavernous 
internal carotid artery do supply these 
structures. Preferential shunting into 
the cavernous sinus and a hypoxic 
neuropathy presumably result if the 
steal hypothesis is correct. The major 
problem, however, with this hypothe- 
sis is that it is difficult to explain why 
abducens nerve palsies occur so much 
more frequently. 

Radiologically defined arterioven- 
ous malformations are commonly as- 
sociated with dural-cavernous sinus 
shunts,’ as we have confirmed histo- 
logically (Fig 3). The part of the arte- 
riovenous malformation, or its connec- 
tions, that ruptures into the cavernous 
sinus is not known. Dural arterio- 
venous malformations are long- 
standing, possibly congenital, lesions 
with low-flow connections and no an- 
giographic evidence of steal.*° They are 
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unlikely to produce acute symptoms 
directly, although they are likely to 
increase the vascularization of the rel- 
atively avascular dura and perhaps 
predispose to dural-cavernous sinus 
shunt formation. Cavernous sinus ar- 
teriovenous malformations can occa- 
sionally be seen angiographically in 
asymptomatic subjects.‘ 


We are grateful to R. R. Tuck, MB, FRACP, and 
M. Besser, MB, FRACS, for referring patient one 
and to C. Harper, MB, FRCPA, for examining the 
biopsy specimen and providing Figure 4. 
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Minimum 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box ,c/O 
AON” are to be counted as three words. 

Classified Display 1Time 3Times 
Full page $520 $468 
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Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 
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Classified Department 


P.O. Box 1510, Clearwater, Florida 34617 
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National 800-237-9851 
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Professional Opportunities 


NEUROLOGIST — BC/BE sought for expanding 


community hospital in northwestern Connecticut. 
Hospital and medical staff support available. Please 
send CV and reply to: Mrs. Mary Schenzer, Medical 
Staff Secretary, P.O. Box 432, New Milford, CT 
06776. 


NEUROLOGIST BC/BE to join a busy, established, 


rapidly growing practice in northwest Ohio. Com- 
petitive starting salary. Practice deals with a large 
number of RSD, autonomic and movement dis- 
orders. Send CV and references to: Walter L. Olson, 
MD, 6005 Monclova Road, Maumee, Ohio 43537. 


NEUROLOGIST 
BC/BE, to join two busy neurologists in Denver, 
Colorado. Private practice skills necessary. Prac- 
tice is highly diverse. Contact: 


STANLEY H. GINSBURG, MD 
NEUROLOGICAL CONSULTANTS, P.C. 
4545 East Ninth Avenue, Suite 650 
Denver, CO 80220 
(303) 320-2946 





A BUSY, FIFTEEN-NEUROLOGIST GROUP in 
Minneapolis seeks an energetic neurologist with a 
strong interest in the clincial care of patients. The 
ideal candidate should have expertise in neurophysi- 
ology and an interest in teaching residents and med- 
ical students. Participation in clinical research is 
available. The practice is located in a beautiful, 
modern facility and is equipped with all diagnostic 
tools. Position available in July, 1990. Please contact: 
Craig Weflen, Administrator, Noran Neurological 


Clinic, 910 East 26th Street, Minneapolis, MN 55404. 


BC/BE ADULT NEUROLOGIST needed to join six 
other neurologists in busy practice with EEG, EP, 
EMG, DUPLEX, CT modalities in office. Salary to 
early partnership. Excellent neurosurgery and 
neuroradiology in community. Reply with CV to: 
President, RNA, Inc., 2601 Franklin Road SW, 
Roanoke, VA 24014. 


ACTIVE CLINICAL PRACTICE in central 


Connecticut needs BE/BC neurologist to join young 
solo practitioner. EEG/EMG/EP proficiency needed. 
Salary leading to partnership. Excellent area for 
family living. Easy access to many educational, cul- 
tural and recreational activities. Supportive relation- 
ship with local community full service hospital. Affil- 
iated with major teaching tertiary hospital. Reply 
with CV to: P.O. Box 98, Cheshire, CT 06410. Or call 


office: (203) 237-8115, and leave name and number. 


CENTRAL ARKANSAS. A neurologist is needed as 
a replacement for young physician who moved to 
hometown. Exceptional opportunity to assume 
developed practice and referrals from more than 50 
physicians. Less than one our to Little Rock and the 
Ozark Mountains. Modern, outstanding 170-bed 
hospital with the latest in equipment and services 
offers guarantee and other incentives. For more 
information, contact: Marc McDaniel, c/o Hartline 
Associates, Inc., 5000 Linbar Drive, Suite 260, Nash- 
ville, TN 37211. Telephone: (615) 781-2200, collect. 





NASHVILLE, TENNESSEE — Progressive, 315-bed 
community hospital seeks neurologist to assume 
tremendous practice in busiest neurosurgery serv- 
ice in town. Rapidly expanding patient base. Cover- 
age available through current neurologist. Conve- 
nient office space adjacent to hospital. One of 
south's fastest growing cities with all the amenities 
for ultimate lifestyle enjoyment. Competitive finan- 
cial package as well as reimbursed interviewing and 
relocation expenses. Call or write: Jeff Hartline, 
5000 Linbar Drive, Suite 260, Nashville, TN 37211. 
(800) 678-3616. 
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NEUROLOGIST — 50-physician, multi-specialty 
medical group in Los Angeles seeks full-time BC/BE 
neurologist. Attractive compensation and benefits. 
Starting date negotiable. Send CV to: Z. Joseph 
Wanski, MD, Medical Director, The Moore-White 
Medical Group, 266 South Harvard Boulevard, Los 
Angeles, CA 90004. 


NEUROLOGIST, BC/BE — Excellent opportunity 
to join a busy, four-physician section in a large 
multi-specialty group practice. Located in desirable 
Bluegrass region of Kentucky. Competitive salary 
and benefits. Send letter and CV to: Ms. Martha 
Riddell, Lexington Clinic, 1221 South Broadway, 
Lexington, KY 40504. 


SUBURBAN NORTHERN NEW JERSEY practice 


seeks third BC/BE neurologist to start January or 
July 1990. Group serves two 500-bed university- 
affiliated teaching hospitals with sophisticated 
neurosurgical and neuroradiological services. 30 
miles from New York City. Fellowship training 
and/or electrodiagnostic experience strongly 
desired. Reply with CV to: Box #801, c/o AON. 


— IDAHO — 
Multi-specialty group of 26 physicians needs 
neurologist. $80,000 plus bonus first year. Full 
stockholder status thereafter. Many fringe bene- 


fits and.excellent outdoor recreational activities 
in this agricultural area 20 miles from the state 
capital. Office adjacent to 165-bed hospital. 
Contact: Michael Crane, 215 East Hawaii, 
Nampa, ID 83686. (208) 467-1121. 





HUNTINGTON, WEST VIRGINIA. Board-certified 
or -eligible pediatric neurologist wanted for full-time 
faculty appointment in the Department of Pediatrics 
at Marshall University School of Medicine. Practice 
plan opportunities, full diagnostic capabilities and 
large referral base. Contact: J. Werthammer, MD, 
1801 Sixth Avenue, Huntington, WV 25755. Tele- 
phone: (304) 696-7065. Position available until filled. 
EOE/AA. 


EXPANDING DYNAMIC 
GROUP PRACTICE 


of six (6) adult neurologists in Virginia suburbs of 
Washington, D.C. is seeking a board-certified/- 
eligible neurologist to join our comprehensive 
neurodiagnostic team. Excellent opportunity fora 
compassionate, personable, hard working per- 


son. Subspecialty training, especially EEG, 
evoked potential and sleep disorder fellowship 
preferred. Teaching and faculty appointments 
available. Send CV to: 


D. Hope, Neurology Center of Fairfax, Ltd. 
3020 Hamaker Court, Fairfax, VA 22031 





NEUROLOGY: SOUTHWEST. Our client is a fee- 
for-service clinic serving 100,000. All aspects of 
adult neurology including EEG/EMG. Call cover- 
age, top financial package, high collection rate, low 
overhead, early partnership. Affluent city, growing 
economy, top schools, excellent recreation. Mail CV 
or call in confidence: Julie Sherriff, JSA, 10955 
Granada #203, Overland Park, KS 66211. (800) 
533-0525. 





NEUROLOGIST — BC/BE to join established 
neurology/neurosurgery group in northern Alabama. 
Very active private practice in a growing lakeside 
community. Send CV to: R.A. Ray, MD, Semmes- 
Murphey Clinic, P.O. Box 1557, Florence, AL 
35631-1557. 
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TWIN CITIES 
AREA 


Multi-specialty group, 
located in northern suburbs 
of Minneapolis, has an 
excellent opportunity for a 
BC/BE Neurologist. 


Offers suburban living with 
easy access to metro 
amenities, plus full range of 
four-season recreation. 


Guaranteed highly 
competitive salary; paid 
vacation and CME; pension 
and profit sharing plans; 
paid malpractice; health, life 
and disability benefits. 


Contact: 


RON JANKOWSKI, MD 
5300 153rd Avenue 
Ramsey, MN 55303 

Or call 
(612) 427-7180 





Professional Opportunities 


PEDIATRIC NEUROLOGIST — Excellent oppor- 
tunity for BC physician to join busy neurology prac- 
tice. Associate with progressive community hospi- 
tal. Broad subspecialty support, large primary care 
physician referral base. Live in semi-rural area, just 
35 miles from Boston's educational and cultural 
activities. Send CV and references to: Gary Asher, 
MD, 697 Massachusetts Avenue, Lunenberg, MA 
01462. 


NEUROLOGIST 
With interest in sleep disorders for a full-time 
faculty position in the Department of Neurology, 
The Medical College of Pennsylvania, available 


immediately. Must be board-certified or board- 
eligible in neurology; responsibilities include 
neurology and sleep disorders, patient care and 
clinical teaching; clinical sleep disorders research 
desirable. Send CV to: 
June M. Fry, MD, PhD 
Chief, Division of Somnology 
THE MEDICAL COLLEGE OF PENNSYLVANIA 
3200 Henry Avenue, Philadelphia, PA 19129 

An affirmative action/equal opportunity employer. 





NEUROLOGIST — BC/BE, to join two busy neurol- 
ogists in Denver, Colorado. Private practice skills 
necessary. Practice is highly diverse. Contact: 
Stanley H. Ginsburg, MD, Neurological Consult- 
ants, P.C., 4545 Ninth Avenue, Suite 650, Denver, 
CO 80220. (303) 320-2946. 


ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
AMA Specialty Journals target the physician you 
want. These highly visible sections put your 
message in the hands of every specialist that quali- 
fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
free: (800) 237-9851; or in Florida (800) 553-8288. 


NATIONAL STROKE ASSOCIATION 
Announces 


FELLOWSHIP AWARDS 


Allied-Signal/National Stroke Association Fellowships are being 
offered to young investigators interested in making a career of 
research into the causes, mechanisms and treatment of stroke. 


$30,000/year stipends are available for one to three years. Appli- 
cants must have a doctoral degree and be affiliated with an institu- 
tion in the United States. Application and supporting materials due 


by January 1, 1990. 


For information or application write: 


Research Program Coordinator 
National Stroke Association 
300 E. Hampden Avenue, #240 


Englewood, CO 80110 


National Stroke Association 
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EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 


TEXAS GULF COAST: Young solo neurologist 
wants an associate to share a busy clinical practice, 
EMG, EEG, EPs. Excellent salary plus bonus. Full 
partnership after second year. This growing com- 
munity offers great outdoor activities, good cultural 
environment and well equipped hospitals. Please 
send CV to: Juan Bahamon, MD, at 3301 South 
Alameda, #201, Corpus Christi, TX 78411. Or call 
collect: (512) 853-0867. 


Fellowships | 


NEUROLOGICAL REHABILITATION Fellowship. 
The Department of Neurology of the University of 
California at Los Angeles and the Center for Reha- 
bilitation at the Daniel Freeman Hospital are offering 
a one-year fellowship in neurorehabilitation. In- 
patient training of stroke, spinal cord injury, head 
trauma and pain services will take place at the 60- 
bed unit at Freeman. Outpatient work will be done at 
UCLA's Comprehensive Rehabilitation Service and 
in the specialty clinics in the department. Clinical 
and basic research are encouraged in PET, phar- 
macology and computer applications. Candidate 
must be BE/BC in neurology to begin program in 
July 1990. Contact: Bruce H. Dobkin, MD, UCLA 
School of Medicine, Comprehensive Rehabilitation 
Program, Reed Neurologic Research Center, 710 
Westwood Plaza, Los Angeles, CA 90024. 


Pain 
Fellowship 


The Pain Service in the Depart- 
ment of Neurology at Memorial 
Sloan-Kettering Cancer Center is 
seeking a board-eligible/board- 
certified neurologist for a pain fel- 
lowship. This is a one or two year 
position which offers comprehen- 
sive training in pain evaluation 
and treatment with a strong em- 
phasis on cancer pain. Fellows will 
participate in clinical investigations 
on neuro-oncologic pain syndromes 
and the pharmacology of opioid 
analgesics. Laboratory research 
opportunities directed at the 
mechanisms of opiate action and 
the molecular pharmacology of 
opiate receptors are also available. 
Please contact: 


Kathleen M. Foley, MD 
Department of Neurology 


Memorial Sloan-Kettering 
Cancer Center 


1275 York Avenue 
New York, NY 10021 
Telephone: (212) 639-7050 
FAX: (212) 717-3081 





CLINICAL RESEARCH FELLOWSHIP in Dementia. 
The Wien Center for Alzheimer’s Disease and 
Memory disorders of Mount Sinai Medical Center, 
Miami Beach, a center dedicated to clinical diagno- 
sis, treatment and research in dementing diseases, 
in association with the Departments of Psychiatry 
and Neurology, University of Miami School of Medi- 
cine announces the availability of the Ruth and 
Larry Wien Dementia Fellowship position for July 1, 
1990. A clinical neuroscientist (MD or MD, PhD) 
who is board-eligible/-certified in neurology, psy- 
chiatry or both specialties is being sought for this 
position which is renewable for up to two years. The 
fellow will be exposed to a multi-disciplinary 
approach to the diagnosis and treatment of patients 
with memory disorders {about 300 patients are seen 
annually), including the disciplines of neurology, 
psychiatry, internal medicine, neuropsychology, 
nursing and social services. The fellow is encour- 
aged to commit up to 50% of his/her time to a 
research project in one of several possible areas 
including neuropathology, receptor autoradiogra- 
phy, neurochemistry, neuroimaging (MRI and 
SPECT), neuropsychology, neuropsychiatry, elec- 
trophysiology, neuroimmunology, and clinical and 
molecular genetics. Training and research projects 
will occur at both Mount Sinai Medical Center and 
University of Miami School of Medicine. Applicants 
should send CV and names of three references to: 
Ranjan Duara, MD, Associate Director, Wien Center 
for Alzheimer's Disease and Memory Disorders, 
Mount Sinai Medical Center, 4300 Alton Road, 
Miami Beach, FL 33140. Stipend will be $30,000 for 
the first year. In addition, up to $10,000 per annum 
for approved research projects will also be available. 
Applications received by January 1, 1990 will be 
considered. Mount Sinai Medical Center and the 
University of Miami School of Medicine are equal 
opportunity employers. 


NEUROPATHOLOGY TRAINING FELLOWSHIPS. 


Opportunities for one to three years of training in 
diagnostic neuropathology and research are imme- 
diately available for MDs and DOs working toward 
careers in academic medicine. Research programs 
in a wide range of neuroscience/neuropathology 
fields are available to fellows. The University of lowa 
is an affirmative action/equal opportunity employer. 
Send curriculum vitae to: Program Director, Michael 
N. Hart, MD, University of lowa, Department of 
Pathology, Ilowa City, IA 52242. (319) 335-8242. 


ALSCHULER FELLOWSHIP in Clinical Neurology 


available in Department of Neurology of Michael 
Reese Hospital and Medical Center beginning July 
1, 1990. Fellowship provides training and research 
opportunities in neuroepidemiology, cerebrovascu- 
lar disease, drug trials, dementia, decision analysis, 
and expert systems under direction of Drs. Daniel 
Hier and Philip Gorelick. Send inquiries to: Dr. 
Daniel Hier, Chairman, Department of Neurology, 
Michael Reese Hospital and Medical Center, Lake 
Shore Drive at 31st Street, Chicago, IL 60616. 


TWO CEREBROVASCULAR DISEASE fellowships 
are available, one or two years, beginning July 1, 
1990, in the Department of Neurology, Henry Ford 
Hospital. These fellowships offer comprehensive 
training programs in pathophysiology, diagnosis 
and management of cerebrovasuclar disorders, 
including migraine, within an NIH funded center for 
cerebrovascular disease research. A Javits Junior 
Clinical Investigator Fellowship is available to one 
competitive candidate. The department evaluates 
almost 600 patients with cerebrovascular disease 
yearly, has a stroke and migraine clinic, and a clini- 
cal/clinical research, four-bed acute stroke unit. 
Clinical and basic science research opportunities 
available in: in vivo NMR spectroscopy of human 
and animal cerebral ischemia, 133-Xenon inhalation 
regional cerebral blood flow, non-invasive carotid 
dopplers, transcranial doppler, platelet function 
laboratory, HFH stroke center data bank, and exper- 
imental drug studies in stroke and migraine. Appli- 
cants should have completed an accredited neurol- 
ogy residency and be board-eligible/-certified. 
Salary commensurate with experience. Please send 
letter of inquiry to: K.M.A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 


Multi-specialty clinic seeks BE/BC 


NEUROLOGIST 


This is an opportunity to establish a neurology serv- 
ice for our expanding primary care population. Our 
sub-tropical gulf coast location is in an upward 
bound economic environment. 


® Competitive guaranteed salary with 
bonus productivity plan 


® Shareholder status available after 
18 months 


èe Malpractice insurance 


® Relocation and interview expense 
included in benefits package 


Location is attractive to those who enjoy outdoor 
sports such as fishing, golfing and sailing. 


Look into joining our great team! 


Contact: 
Amanda Fuhro 


2200 Haine Drive 
——" ba 

i ° T 

Valley Diagnostic 


Medical and Surgical Clinic, PA (512) 421-5199 


NORTHERN CALIFORNIA 


DIRECTOR OF 
NEUROLOGY DEPARTMENT 


The Permanente Medical Group has an outstanding opportunity for a 
BC/BE Adult Neurologist to join our large teaching hospital in the San 
Francisco Bay Area. The position requires an individual who is inter- 
ested in administration as well as clinical practice. 


As a physician with The Permanente Medical Group, you will enjoy our 
substantial benefits package and highly competitive salary. Benefits 
include malpractice insurance, medical, dental and group life insur- 
ance, educational, vacation and sick leave, an excellent retirement 
program and special arrangements for physicians transferring from 
established practice. Additionally, you will become a key member of 
our rapidly expanding group which is experiencing an unprecedented 
rate of growth. 


For more information, send CV to Richmond Prescott, M.D., Physician 
Recruitment Services, Dept. PRS-5379, The Permanente Medical Group, 
Inc., 1814 Franklin, áth Floor, Oakland, CA 94612. (415) 987-4949. 
EOE 
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KAISER PERMANENTE 


Good People. Good Medicine. 





Excellent Opportunity 
in Los Angeles- 

Long Beach area for 
motivated, well trained 


NEUROLOGIST 


to join two-person group. 


CT Scan, Carotid Ultrasound, 
EEG, Evoked Potential and 
EMG on site. Active medical 
student and residency teaching 
program affiliated with UCI. 
Position open immediately. 
Initial salary with early 
partnership. 


Please contact: 


Drs. Laurence Carnay 
and Richard Graham 


Los Angeles 
Neurological Center 


(213) 531-2220 
Or send CV to: 


2865 Atlantic Avenue, Suite 
#154, Long Beach, CA 90806. 





The University of Miami 
School of Medicine 
is seeking qualified applicants for the 
position of 


PROFESSOR AND 
CHAIRMAN 
Department of Neurology 


The candidate must be board-certified in 
neurology and respond creatively to the 
challenge of clinical care, research and 
teaching in a postgraduate neurology pro- 
gram which currently supports 21 resi- 
dents and 13 fellows. He/she must also 
possess superior skills in clinical neurol- 
ogy, a proven track record in research and 
sound administrative skills. The Depart- 
ment of Neurology is responsible for clini- 
cal neurological services at the 1250-bed 
University of Miami/Jackson Memorial 
Medical Center and the adjacent 490-bed 
Miami V.A. Medical Center. The depart- 
ment also cares for a large number of pri- 
vate and county-supported patients in its 
outpatient facilities. Currently on the 
neurology staff, there are 15 full-time phy- 
sicians and 8 tenured PhD's participating in 
an ongoing clinical care, teaching and 
basic research program. Interested appli- 
cants should send an updated CV to: 


Robert M. Quencer, MD, Chairman 
Neurology Search Committee and 
Director, Division of Magnetic 
Resonance Imaging, University of 
Miami Department of Radiology 


1115 N.W. 14th Street, Miami FL 33136 


The University of Miami offers a competi- 
tive salary and benefits package and is an 
equal opportunity/affirmative action em- 
ployer. Qualified minorities and women are 
encouraged to apply. 








Fellowships 


EPILEPSY/CLINICAL NEUROPHYSIOLOGY fellow- 
ship available for one or two years in the Oregon 
Comprehensive Epilepsy Program. Training in EEG, 
evoked potentials, and medical and surgical man- 
agement of the epilepsies is emphasized, leading to 
board-eligibility for ABCN. Experience in both pedi- 
atric and adult EEG/telemetry is provided. An active 
seizure surgery program affords the fellow expo- 
sure to a wide range of electrophysiological pro- 
cedures. Recordings with sphenoidal, subdural, 
depth and grid electrodes are typically utilized. 
Opportunities for clinical and basic neuroscience 
research are available. The fellow will also partici- 
pate in the teaching of neurology residents and 
medical students from Oregon Health Sciences 
University. The salary is a PG5 level and includes the 
usual benefits. Interested candidates should send a 
curriculum vitae and two letters of recommendation 
to: Dennis B. Smith, MD, Director, Oregon Compre- 
hensive Epilepsy Program, Good Samaritan Hospi- 
tal and Medical Center, N400, 1040 Northwest 22nd 
Avenue, Portland, OR 97210. 


CEREBROVASCULAR DISEASE FELLOWSHIP: 
The University of Maryland Stroke Center offers a 
one or two year fellowship. The University of Mary- 
land is a referral center for over 400 patients yearly 
with stroke and has an acute stroke unit, a longitud- 
inal follow-up clinic, and an active interface with 
neurosurgery and neurologic rehabilitation units. 
The University of Maryland is one of three centers 
nationally with seven years’ continuous participa- 
tion in the NINCDS-funded Stroke Data Bank. The 
fellow will receive training in clinical diagnosis and 
management, neurosonology (cartoid duplex and 
transcranial Doppler), and clinical research methods. 
Some areas of research interest include neuro- 
epidemiology and basic science studies of stroke 
risk factors, endothelial cell surfaces in thrombosis 
and atherogenesis, progressing stroke, stroke in the 
young, sensitivity and specificity of non-invasive 
techniques, clinical trials, aphasia recovery, higher 
cortical function, and post-stroke depressive dis- 
orders. The fellowship carries an academic appoint- 
ment as Instructor of Neurology. Please send letters 
of inquiry and curriculum vitae to: Thomas R. Price, 
MD, Department of Neurology, 22 South Greene 
Street, Baltimore, MD 21201. 





Faculty Positions 


ACADEMIC NEUROLOGIST to join center for Alz- 
heimer's disease. The department of neurology 
seeks neurologist with training in behavioral neu- 
rology, neuroepidemiology, or dementia to join 
active dementia program. Academic appointment at 
University of Illinois. Contact: Daniel B. Hier, MD, 
Chief, Neurology Service, Michael Reese Hospital, 
Chicago, IL 60616. 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University of Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in movement disorders 
and/or epilepsy. Preference will be given to candi- 
dates with interest in clinical research. Loyola Uni- 
versity is an equal opportunity/affirmative action 
employer. Interested applicants should send their 
curriculum vitae to: Gastone Celesia, MD, Chair- 
man, Department of Neurology, Loyola University 
of Chicago, 2160 South First Avenue, Chicago, IL 
60153. 


ADULT NEUROLOGISTS. Tenure track positions 
available at Texas Tech University Health Sciences 
Center. One position is at the El Paso campus for a 
Clinically oriented neurologist; two positions are at 
the Lubbock campus for clinically and/or research 
oriented neurologists. The department is expanding 
research programs in Parkinson's and Alzheimer’s 
disease. Send CV to: Joseph B. Green, MD, Profes- 
sor and Chairman, Department of Medical and Sur- 
gical Neurology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430. 


Faculty Positions 

FACULTY POSITIONS IN NEUROLOGY are avail- 
able at either the assistant or associate professor 
level in the Department of Neurology at the Medical 
College of Virginia. Areas of special interest are 
epilepsy, neuromuscular diseases, dementia and 
stroke. Well-qualified applicants with other areas of 
clinical expertise, however, are encouraged to apply 
and will be seriously considered. Board-eligibility in 
neurology is required, and eligibility or certification 
by ABCN is preferred for the epilepsy position. The 
Department of Neurology has ongoing research 
programs in both clinical and basic research areas 
including epilepsy, head trauma, evoked potentials, 
stroke, myasthenia gravis and related areas. Send a 
CV and the names of three references to: Dr. Robert 
J. DeLorenzo, Chairman, Department of Neurology, 
Medical College of Virginia, Box 599, MCV Station, 
Richmond, VA 23298-0599. Telephone: (804) 
786-9720. Virginia Commonwealth University is an 
equal opportunity/affirmative action employer. 
Women and minorities are encouraged to apply. 





THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Missouri Health Sciences Center is recruit- 
ing an assistant level neurologist with a special 
competence in electroencephalography and in clin- 
ical and research aspects of epilepsy. The new 
faculty member will join a growing EEG and epi- 
lepsy section of a growing department of neurology 
at the University of Missouri in Columbia. Board- 
certification in neurology and in electroencephalo- 
graphy and a prior fellowship in electroencephalo- 
graphy and/or epilepsy, and prior epilepsy research 
are desirable. Academic rank and compensation will 
be based upon training and experience. Please con- 
tact: William J. Crowley, Jr., MD, Professor and 
Chairman, Department of Neurology, School of 
Medicine, University of Missouri Hospital and Clin- 
ics, Columbia, MO 65212. 


NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. McIntosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


NEUROLOGIST — Assistant/associate professor to 
join dynamic faculty group at University of Nevada 
School of Medicine. Responsibilities include medi- 
cal student/resident teaching, direct patient care 
with excellent research opportunities. Must be 
BE/BC and eligible for licensure in Nevada. Com- 
petitive salary and outstanding mountain recrea- 
tional access. Submit CV and three references to: 
John Peacock, MD, Internal Medicine, VA Medical 
Center, Reno, NV 89520 by November 30, 1989. 
Position will remain open until filled. AA/EOE. 


THE CLEMENT ZABLOCKI Veterans Administra- 
tion Center (affiliated with the Medical College of 
Wisconsin) is seeking applications for a faculty 
based position beginning August 1989. Candidates 
will require board-certification in neurology, board- 
eligibility for clinical neurophysiology, two or more 
years of a fellowship in neuromuscular disorders 
and experience in EMG (including single fiber 
studies), autonomic nervous system testing, inter- 
pretation of muscle/nerve biopsies and teased 
fibres, and pediatric and geriatric EMG studies. 
Responsibility will inlcude clinical duties and 
research related to pediatric, adult and geriatric 
neurology. Candidates should submit curriculum 
vitae and three letters of recommendation to: 
L. Cass Terry, MD, PhD, Chairman, Department of 
Neurology, Medical College of Wisconsin, Froedtert 
Memorial Luthern Hospital, 9200 West Wisconsin 
Avenue, Milwaukee, WI 53226. The Medical College 
of Wisconsin is an equal opportunity employer. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 





















= Faculty Positions 
NEUROLOGY — Assistant Professor. Hennepin 
County Medical Center and the University of Minne- 
sota Medical School seek an adult neurologist atthe 
assistant professor level to become director of 
HCMC's ambulatory care program and to develop 
its electromyography progam. The applicant should 
be BC/BE with a strong interest in teaching and 
electromyography. The clinic program includes 
daily general neurology clinics and a variety of 
special clinics. Salary and benefits are consistent 
with other academic institutions. Interested appli- 
cants should send a CV, bibliography and names 
of three references by January 15, 1990 to: M.G. 
Ettinger, MD, Chief of Neurology, Hennepin County 
Medical Center, 701 Park Avenue South, Minneapolis, 
MN 55415. The University of Minnesota and the 
Hennepin County Medical Center are equal oppor- 
tunity educators and employers, and specifically 
invite and encourage applications from women and 
minorities. 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University of Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and have subspe- 
cialty expertise in clinical neurophysiology, epi- 
lepsy or cerebrovascular diseases. Preference will 
be given to candidates with interest in clinical 
research. Loyola University is an equal opportu- 
nity/affirmative action employer. Interested appli- 
cants should send their curriculum vitae to: G.G. 
Celesia, MD, Chairman, Department of Neurology, 
Loyola University of Chicago, 2160 South First 
Avenue, Chicago, IL 60153. 
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THE DEPARTMENT OF NEUROSURGERY at the 
University of Virginia Health Sciences Center 
announces the availability of a full-time position as 
Professor of Neurosurgery. The candidate must be 
board-certified or board-eligible with a primary 
interest in cavernous sinus and cranial base tumors. 
Send CV and bibliography to: John A. Jane, MD, 
PhD, Department of Neurosurgery, University of 
Virginia Health Sciences Center, Box 212, Medical 
Center, Charlottesville, VA 22908. The University of 
Virginia is an affirmative action/equal opportunity 
employer. 


GREAT SALE: Refurbished/warranted electro- 
encephalographs, evoked potential systems, etc. 
Call toll free: (800) 748-5748. MFI Medical. We'll also 
buy used equipment! 





DOCTORS IN YOUR SPECIALTY are the best 
market for used/serviceable equipment that may be 
surplus to your needs. Advertise this equipment in 
an AMA specialty journal and reach your market. 
Call our “Classified Advertising” office toll free: 
National (800) 237-9851; in Florida (800) 553-8288. 





RARE MEDICAL BOOKS. Catalogs available with 
good selections of neurology books. W. Dordick, 15 
Ash Avenue, Somerville, MA 02145. (617) 776-1365. 


= Computers / Software 


CA 1000 with DC 2000 (2 floppy discs) with EMG & 
NCV. Price: $10,000 or best offer. 6 years old. Con- 
tact: Gloria Penney, 1170 East Hallandale Beach 
Boulevard, Hallandale, FL 33009. (305) 456-7133. 


= Residencies _ 


A PGY — Four positions have become available for 
the 1990-1991 academic year in the Neurology 
- Department at Temple University School of Medi- 
cine. Address inquiries to: Mark L. Moster, MD, 
Temple University Hospital, PP Room 558, 3401 
North Broad Street, Philadelphia, PA 19140. Temple 
is an equal opportunity employer. 





BAYCREST WOMEN’S AUXILIARY 
ALZHEIMER’S RESEARCH FELLOWSHIP 


The Baycrest Women's Auxiliary Alzheimer's Research Fellowship has recently been estab- 
lished at the Rotman Research Institute of Baycrest Centre for Geriatric Care in Toronto. This isa 
postdoctoral fellowship dedicated to neurobehavioural research into Alzheimer’s disease and 
related dementias. 

The research focus of the Rotman Research Institute is on brain/behaviour with an emphasis 
on aging. Baycrest Centre is fully affiliated with the University of Toronto, and provides a 
comprehensive range of inpatient and outpatient services to the elderly in geriatric medicine, 
psychiatry, psychology, behavioural neurology, speech pathology and other therapeutic serv- 
ices, based on a multi-disciplinary approach. 

A minimum of eighty percent of the fellow’s time will be devoted to research activities, which 
include regular research rounds and conferences. 

The position is open to applicants with a PhD, MD or equivalent degree. The stipend will be 
approximately $35-$40K (Canadian) plus an allowance for travel and research expenses. Thisisa 
two-year position, with the possibility of renewal for a third year. 

Please send complete CV plus three letters of reference, by December 31, 1989 to: 

Dr. Donald Stuss, Director of Research, Rotman Research Institute 
BAYCREST CENTRE FOR GERIATRIC CARE 
3560 Bathurst Street, Toronto, Ontario, Canada M6A 2E1 è (416) 785-2522 























We Target The Physician 
You Want! 


The Archives of Neurology’s classified recruitment advertising section is seen 
precisely by the physician you need — all neurologists, child neurologists and 
neurological surgeons. A total targeted physician audience of almost 14,000. 


Find the physician you need now. Send us your advertising order today. Just 
complete the coupon below and attach your typewritten copy. The next available 
issue is January which closes November 25th. 


The classified rate is $ .95 per word for one issue. For three issues or more, the rate 
is $ .85 per word per issue. Minimum classified ad is 20 words. 


ORDER FORM— ——--—- —- —---- 


issue. 





Insert my ad times, beginning with the 





Place my ad under the heading 


Enclosed is my check for $ to cover full payment 


of my advertising schedule. 
Institution 
Contact Person 
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State Zip 











City 
Telephone Number 


Authorized Signature 


COPY FOR CLASSIFIED ADVERTISEMENT: 


Send all copy and payments to: 


archives of 


Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
National (800) 237-9851 O Florida (800) 553-8288 O Local (813) 443-7666 
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3 Campus Drive, Pleasantville, New York 10570 914-769-5900 / 1-800-GET-TECA 
FAX: 914-769-9045 










MIDAS REX™ Institute 
2929 Race Street ° Fort Worth, Texas 76111 
800-433-7639 © 817-831-2604 
JANUARY - APRIL 1990 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts in boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 
particular attention to equipment care and maintenance, so that 
when OR personnel have completed the course, they will have im- 

proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 
their bonework per se in the time delineated:+ 







CRANIUM: Osteoplastic teffipor 
tomy, 45-60 sec. © Osteoplastie posterior 
poral flap, 1 min. ¢ Burryhole, 
Bilateral frontal flap, 342 mi 

min. ¢ Work about 


, 1% min. ® Posterior craniec- 
iotomy, 1-2 min. è Free tem- 
sec. $ Hemicraniotomy, 2 min. ° 
plastic subdural buttons, 2 
ion anchors * Cranioplasty. 
















CRANIOFACIAL, MAXI 
Zygomectomy * Orbital ¢ Su 
tion * Mandibular osteotomy 


: Frontal ¢ Maxillectomy ¢ 
“Infra orbit e Mandibular resec- 
ular reduction ® Facial fractures ¢ 
Suture holes. 


ORL?: Masto rinthine acoustic neuroma, 

* Orbital fossa dissection 
SPINE?: 4-P ateric metrical fusion with 
osteophyte re erolateral fusions * 


30 sec. * Osteophyte 
ington rod transec- 
| anc en ior * Disc and nerve 
root problems t Unroe fing iking down ald, fusions, 18 min. 


BIOPLASTICS}: Methylmet te 
Polyethylene — abrade in si 


BIOMETALS?: (Superalloys, Ti = ae Stainless steels) Transect 
and shape in OR, 14 min.; in situ, 1-6 min. 










— dissect, \excise, shape ° 
in situ, transect in situ, shape. 


+ Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial Max- 
illofacial, and ENT problems will be explored according to the individual 

wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 


FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee payments 

are made through the Midas Rex Office in Fort Worth. 


For additional S M:N call or write. 


“MODERN DISSECTION TECHNIQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 





AND BIOPLASTICS” 
(NEURO 700, ORP 700) 


NEUROSURGICAL 

SYMPOSIA/HANDS-ON WORKSHOPS 
ENT, Maxillofacial, Plastic and ORL Surgeons 
should attend conferences for Neurosurgeons. 


EXTENSION SITES 


KEY WEST. FL, JAN. 17-18-19, 1990. Cospon- 
sored by Memorial Medical Center, Savannah, 
Georgia. 


CAPTIVA/FORT MEYERS, FL, FEB. 4-5-6, 
1990. (Immediately preceding the American As- 
sociation of Neurological Surgeons and the Con- 
gress of Neurological Surgeons combined Spine 

Meeting.) 


STEAMBOAT SPRINGS, CO, FEB. 26-27-28, 
1990. Cosponsored by*The Department of 
Neurosurgery University of Cincinnati Medical 
Center, Mayfield Neurological Institute, The 

Christ and Good Samaritan Hospitals. 


PHOENIX, AZ, MARCH 5-6-7, 1990. (Imme- 
diately preceding the Barrow Neurological In- 
stitute meeting.) 


PARK CITY, UT, MARCH 14-15-16, 1990. 
Cosponsored by The Department of Neurosurgery 
University of Cincinnati Medical Center, 
Mayfield Neurological Institute, The Christ and 

Good Samaritan Hospitals. 


CLEARWATER BEACH, FL, APRIL 8-9-10, 
1990. 


NASHVILLE, TN, APRIL 26-27-28, 1990. (Im- 
meee: precedes the American -Association of 
Neurological Surgeons Meeting.) 


PERMANENT SITES 


Hands-on workshops are held w 
nent facility locations listed below. ty ee Ge iA f 


these courses see permanent facility announcements 
elsewhere in this journal, or you may telephone to re- 
quest a complete calendar of hands-on workshops. 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, Texas. 


NEW YORK CITY, 115 East 61st Street, Lower 
Level. 


THE PALM BEACHES, 529 25th Street, West 
Palm Beach, Florida. 


CHICAGO, 728 West Algonquin Road, Arlington 
Heights, Illinois. 


LOS ANGELES/ANAHEIM, 625 West Katella, 
Unit 22, Orange, California. 








Join the more than 7,800 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,900 Orthopaedic Surgeons; 1,650 Neurosurgeons; 2,300 OR Personnel) 
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“Once in a blue moon” describes the phenomenon in which 

the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
on'y when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—an exceedingly rare event: 
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\s rare aS a seizure on Dilantin’ 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way.? 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ng/mL),? often with 
once-daily therapy (Dilantin Kapseals"), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
(phenytoin) 


References 

1. Shute CCD: The ‘blue moon’ phenomenon. Weather 1976; 
31:292-296. 

2. Ramsay RE, Wilder BJ, Berger JR, et al: A double-blind 
study comparing carbamazepine with phenytoin as initial 
seizure therapy in adults. Neurology 1983;33:904-910. 

3. Porter RJ, Theodore WH: Nonsedative regimens in the 
treatment of epilepsy. Arch Intern Med 1983;143:945-947. 


Please see next page for brief summary of prescribing information. 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
Cannot be regarded as adequate to prove a definite 
Cause and effect relationship. There are intrinsic 
methodologic problems in obtaining adequate data on 
drug teratogenicity in humans; genetic factors or the 
epileptic condition itself may be more important than 
drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

Asmall percentage of individuals who have been treated with phenytoin have been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 


Dilantin 
phenytoin 


Serum levels of phenytoin sustained above the optimal range may produce confusional states 
referred to as “delirium,” “psychosis,” or “encephalopathy” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 
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Calendar 


CALENDAR OF MEETINGS 


1990 

Jan 14-19 {2th International Congress of Electroencephalogram and Clinical Neurophysiology, Rio de Janeiro, 
Brazil. Contact 12th International Congress of Electroencephalogram and Clinical Neurophysiolo- 
gy, c/o Congrex do Brasil, Rua de Ouvidor, 60-Groupo 414, 20040 Rio de Janeiro, RJ-Brazil. 


14-19 International League Against Epilepsy, Hotel Nacional Convention Centre, Rio de Janeiro, Brazil. 
Contact Congrex SA, R do Ouvidor 60/414, 20040-Rio de Janeiro, Brazil. 
21-27 16th Annual Meeting of the Southern Clinical Neurological Society, Cheeca Lodge, Islamorado, Fla. 


Contact Millie F. Walden, Executive Secretary, Southern Clinical Neurological Society, 3425 SW 
Second Ave, Suite 153, Gainesville, FL 32607; (904) 374-6058. 
Feb 1-3 13th Annual Conference, ‘“‘Neurology for Nonneurologists,’’ Holiday Inn Embarcadero,San Diego, 

Calif. Contact Edith S. Bookstein, Neurology for Nonneurologists, PO Box 2586, La Jolla, CA 92038; 
(619) 454-3212. 

8-11 international Conference on Xenon/Computed Tomography of Cerebral Blood Flow, Orlando, Fla. 
Contact Marilyn Marks, Senior Conference Coordinator, 200 Meyran Ave, First Floor, Pittsburgh, 
PA 15213; (412) 624-1023. 

9-11 “Clinical Neurology for Psychiatrists,” sponsored by Albert Einstein College of Medicine-Monte- 
fiore Medical Center, Bahia Mar Resort, Fort Lauderdale, Fla. Contact Office of Continuing Medical 
Education, Albert Einstein College of Medicine-Montefiore Medical Center, 111 E 210 St, Bronx, 
NY 10467; (212) 920-6676. 


11-14 Neural Regeneration and Transplantation, Singapore. Contact Dr L. J. Garey, Department of Anat- 
omy, National University of Singapore, Kent Ridge, Singapore 0511. 
14-16 23rd Recent Annual Advances in Neurology, Fairmont Hotel, San Francisco, Calif. Contact 


Extended Programs in Medical Education, University of California, Room 569-U, San Francisco, CA 
94143-0742; (415) 476-4251. 

15-17 Annual Meeting of the Western Electroencephalographic Society, Santa Monica, Calif. Contact 
Bonnie Becker, Executive Secretary, Western Electoencephalographic Society, Good Samaritan 
Hospital, Suite 400, 1040 NW 22nd Ave, Portland, OR 97210; (503) 229-7721. 

18-21 “Recent Advances in Geriatric Medicine: Treating the Five Major Causes of Death and Disability 
in the 90s,” Catamaran Resort Hotel, San Diego, Calif. Contact Cass Jones, Professional Confer- 
ence Management Inc, 7916 Convoy Ct, San Diego, CA 92111; (619) 565-9921. 

22-24 “The Practicing Physician’s Approach to the Difficult Headache Patient,” Wyndham Hotel, Palm 
Springs, Calif. Contact Idell Applebaum, Diamond Headache Clinic, 5252 N Western Ave, Chicago, 
IL 60625; (312) 878-5558. 

23-25 “Clinical Neurology for Psychiatrists,” sponsored by Albert Einstein College of Medicine-Monte- 
fiore Medical Center, Century Plaza, Los Angeles, Calif. Contact Office of Continuing Medical Ed- 
ucation, Albert Einstein College of Medicine-Montefiore Medical Center, 111 210 St, Bronx, NY 
10467; (212) 920-6676. 

24-25 Neuroradiology Review, sponsored by the American Registry of Pathology and Armed Forces In- 
stitute of Pathology, Hyatt Regency, Bethesda, Md. Contact C. A. Tuchis, American Registry of Pa- 
thology, Room 1062, Armed Forces Institute of Pathology, Washington, DC 20306-6000; 
(202) 576-2980. 

26-March 2 Neuropathology Review, sponsored by the American Registry of Pathology and Armed Forces In- 
stitute of Pathology, Hyatt Regency, Bethesda, Md. Contact C. A. Tuchis, American Registry of Pa- 
thology, Room 1062, Armed Forces Institute of Pathology, Washington, DC 20306-6000; 
(202) 576-2980. 

Mar 3-7 Fourth Annual Magnetic Resonance Imaging Conference, Mariott’s Camelback Inn Resort, Scotts- 
dale, Ariz. Contact Kevin King, RT, Education Coordinator, Radiologic Education Center, St 
Joseph’s Hospital and Medical Center, 350 W Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 

5-6 “Epilepsy Advances,” Towsley Center, Ann Arbor, Mich. Contact Debbie DeSmyther, Program As- 
sistant, Office of Continuing Medical Education, G- 1100 Towsley Center, Box 0201, University of 
Michigan Medical School, Ann Arbor, MI 48109-0201; (313) 763-1400. 

8-10 Seventeenth Annual Symposium of the Barrow Neurological Institute, ‘Recent Advances in Neu- 
rology and Neurosurgery,” Camelback Inn Resort, Scottsdale, Ariz. Contact Toby Jardine, 
Manager, BNI Administration, Barrow Neurological Institute, 350 W Thomas Rd, Phoenix, AZ 85013; 
(602) 285-3178 or 1-800-BARROW-1. 

12-22 24th Comprehensive Review Course in Physical Medicine and Rehabilitation, Houston (Tex) Mar- 
riott Astrodome. Contact Holly A. Ford, Program Coordinator, The Office of Continuing Education, 
Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030; (713) 798-6020. 

14-18 13th Annual Meeting of the American Society of Neuroimaging, Catamaran Resort Hotel, San Di- 
ego, Calif. Contact American Society of Neuroimaging, 2221 University Ave SE, Suite 340, Min- 
neapolis, MN 55414; (612) 378-7240. 


22-23 Symposium on Dysphagia Ill, Baltimore, Md. Contact Program Coordinator, Office of Continuing 
Education, 720 Rutland Ave, Turner Building, Baltimore, MD 21205-2195; (301) 955-2959. 
23-25 “Clinical Neurology for Psychiatrists,’’ sponsored by Albert Einstein College of Medicine-Monte- 


fiore Medical Center, Equitable Tower Auditorium, New York, NY. Contact Office of Continuing 
Medical Education, Albert Einstein College of Medicine-Montefiore Medical Center, 111 E 210 St, 
Bronx, NY 10467; (212) 920-6676. 
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News 


Neurochemistry Award Announced.— 
Dr Julius Axelrod, National Institute 
of Mental Health, Bethesda, Md; Dr 
Arvid Carlsson, University of Gote- 
borg (Sweden); and Dr Paul Green- 
gard, Rockefeller University New 
York, NY, who are leaders in exploring 
the basic biochemistry underlying the 
brain’s cell-to-cell communication, re- 
ceived the second annual Bristol- 
Myers Award for Distinguished 
Achievement in Neuroscience Re- 
search. The award, instituted in 1988 
as part of a comprehensive uncondi- 
tional research grant and award pro- 
gram sponsored by Bristol-Myers Co, 
New York, NY, is given to neuroscien- 
tists who have made unique contribu- 
tions to brain and central nervous sys- 
tem research. Selection is made by an 
independent peer-review committee of 
leading neuroscientists. Explaining 
the choice of this year’s recipients to 
share the $50000 award, committee 
member Dr Solomon H. Snyder, Johns 
Hopkins University, Baltimore, Md, 
said: “This year’s Bristol-Myers award 
in the neurosciences is being awarded 
to Drs Axelrod, Carlsson, and Green- 
gard together because of their pioneer- 
ing contributions to our understanding 
of the molecular basis for the actions 
of psychoactive drugs.” 


Research Grants and Fellowship 
Awards in Multiple Sclerosis.—The Na- 
tional Multiple Sclerosis Society in- 
vites applications from individuals 
with a PhD and/or MD degree for sup- 
port of research in multiple sclerosis. 
Current programs include the follow- 
ing: Research Grants, support of basic, 
clinical, and patient management 
technology research; Postdoctoral Fel- 
lowships, support of research training 
for recent graduates; Advanced Post- 
doctoral Fellowships, support of re- 
search training for candidates with 
more than 1 year of previous research 
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training; Senior Fellowships, sabbati- 
cal support for established scientists; 
and Harry Weaver Neuroscience 
Scholarship Award, support for junior 
faculty members with less than 5 years 
of independent research. For further 
information, contact: Research and 
Medical Programs Department, The 
National Multiple Sclerosis Society, 
205 E 42nd St, New York, NY 10017- 
5706; (212) 986-3240. 


Fellowship Awards.— National Stroke 
Association is pleased to announce ca- 
reer development fellowship awards 
entitled the Allied-Signal/National 
Stroke Association Stroke Fellow- 
ships. The purpose of the program is to 
provide opportunities for promising 
young investigators to focus their re- 
search interests and efforts on the 
causes, mechanisms, and treatment of 
cerebral vascular disease. An award of 
$30 000 per year will be offered for 1 to 
3 years to postdoctoral candidates. Re- 
search funded by the fellowship must 
be supported by and performed at a 
well-established institution in the 
United States. Applications and sup- 
porting materials must be received by 
January 1, 1990. For further informa- 
tion and application materials, contact 
Application Request, National Stroke 
Association, 300 E Hampden Ave, 
Suite 240, Englewood, CO 80110-2622. 


American Board of Clinical Neurophys- 
iology Announces Changes in Examina- 
tion Content.—The American Board of 
Clinical Neurophysiology has adopted 
changes in the content of its examina- 
tions that will apply to all candidates 
accepted after July 1, 1990. Beginning 
with the fall 1990 written examination 
and with the spring 1991 oral exami- 
nation, candidates will be examined in 
sleep physiology, sleep technology, and 
long-term monitoring. Other portions 


of the examinations will be revised to 
accommodate these changes. Detailed 
information is contained in the 
Board’s new Policies and Guidelines, 
which can be obtained from the Exec- 
utive Office after January 1, 1990. For 
further information, contact Mary Jo 
Martin, Executive Director, American 
Board of Clinical Neurophysiology, 858 
Glades Ct NE, St Petersburg, FL 
33702. 


Change of Address: The American 
Board of Clinical Neurophysiology Inc.— 
The Executive Director and Office lo- 
cation of the American Board of Clin- 
ical Neurophysiology Inc was changed 
on August 1, 1989. As of that date, re- 
quests for application packets and all 
business correspondence should be ad- 
dressed to Mary Jo Martin, Executive 
Director, American Board of Clinical 
Neurophysiology Inc Executive Office, 
858 Glades Ct NE, St Petersburg, FL 
33702; (813) 573-5448. 


American Board of Clinical Neurophys- 
iology Inc.—The following individuals 
were certified in electroencephalogra- 
phy and evoked potentials at the ex- 
aminations held March 19, 1989, in 
Kansas City, Kan: 


Barkley, Gregory L. 
Hata, Steven 

Hagenau, Curtis James 
Hahn, Jin S. 

Harris, Stephanie A. 
Holmes, Kenneth W. 
Jacobsen, John H. 
Jaitly, Rakesh 

Larson, Eric K. 
Marstellar, Blair 
Mody, Harshad R. 
Novotny, Edward J., Jr 
Rask, Cynthia A. 
Schachter, Steven C. 
Sherman, Steven A. 
Solomon, Gail E. 

Toor, Svindler S. 
Wynn, Daniel R. 


News 


Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates. They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmittal 
letter signed by all authors must accompany this (see “Instructions for Authors”). 


Multiple Sclerosis: An Unexpected 
Cause of Senile Dementia 


To the Editor.—The ARCHIVES recently 
published two excellent articles!” 
stressing the significance of dementia 
in patients with multiple sclerosis. In 
the last 3 years, at the Rush Alzhei- 
mer’s Disease Center, Chicago, Ill, we 
have seen three older patients referred 
to us because of suspected Alzheimer’s 
disease. These three patients (aged 65, 
66, and 67 years) all had histories of 
progressive dementia. In one, mild for- 
getfulness had been present for as long 
as 20 years. Two patients had a previ- 
ous diagnosis of multiple sclerosis, but 
their general neurologic disability had 
been mild and had remained stable 
over many years. Because of this, it 
was not thought likely by the referring 
physician that multiple sclerosis could 
be the cause of the dementia. In the 
third patient, a diagnosis of multiple 
sclerosis had never been made. All 
three patients had abnormalities on 
physical examination that were con- 
sistent with multiple sclerosis (eg, 
nystagmus, optic atrophy, and an ab- 
normal gait) and results of laboratory 
studies (magnetic resonance scanning, 
evoked responses, and cerebrospinal 
fluid analysis) that were consistent 
with a diagnosis of multiple sclerosis. 
It was our impression, in all these 
cases, that the dementia was related to 
the subcortical pathology associated 
with multiple sclerosis and well re- 
viewed in the articles mentioned 
above. 

We feel these patients are worth 
mentioning because of their age. The 
age range in the article by Filley et al’ 
was 20 to 50 years, and in the article by 
Franklin et al it was 27 through 49 
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years. We completely agree with their 
conclusions, but would like to add that 
older patients with multiple sclerosis 
can present with dementia to physi- 
cians. In the older age range, multiple 
sclerosis is rarely considered. This is 
true even if a previous diagnosis has 
been made, if the multiple sclerosis has 
been relatively mild. We would stress 
that multiple sclerosis should be con- 
sidered when clinically appropriate in 
any patient with a progressive demen- 
tia, regardless of age. 

JacosB H. Fox, MD 

BRYAN BERNARD, PHD 

DaviD GILLEY, MS 

GLENN T. STEBBINS, PHD 

ROBERT S. WILSON, PHD 

MICHAEL S. HucKMAN, MD 

Rush-Alzheimer’s Disease Center 

1725 W Harrison, Suite 1030 

Chicago, IL 60612 


1. Filley CM, Heaton RK, Nelson LM, Burks JS, 
Franklin GM. A comparison of dementia in Alzhe- 
imer’s disease and multiple sclerosis. Arch Neu- 
rol. 1989;46:157-161. 

2. Franklin GM, Nelson LM, Filley CM, Heaton 
RK. Cognitive loss in multiple sclerosis. Arch 
Neurol. 1989;46:162-167. 


Fragile X Syndrome: A Genetic 
Etiology for Developmental 
Gerstmann’s Syndrome 


To the Editor.—We read with interest 
the recent article by PeBenito et al’ of 
several cases of developmental Gerst- 
mann’s syndrome. We were concerned 
that mention was not made of fragile 
X syndrome as a possible cause. The 
validity of Gerstmann’s syndrome,”’ 
which is comprised of dysgraphia, 
dyscalculia, finger agnosia, and right- 
left disorientation, has been the sub- 
ject of considerable debate.*’® The 
same has been true of the developmen- 


tal Gerstmann syndrome (DGS), 
which also includes deficits in con- 
structional praxis.!™!? 

PeBenito et al reported on five chil- 
dren who had all five signs of the 
developmental Gerstmann disorder, 
as well as various combinations of mo- 
tor and attentional problems. Four of 
the five had at least average reading 
ability. In their discussion, the authors 
state that “the etiology of DGS is un- 
known. Whereas some specific learn- 
ing disorders (eg, dyslexia) have a fa- 
milial tendency, this is not observed in 
DGS” (p 981). These authors further 
noted that DGS is associated with 
a number of abnormalities, includ- 
ing hyperactivity, attentional deficit, 
various neurologic signs, and gen- 
eral cognitive deficit among others. 
They report that “cases of DGS occur- 
ring in apparently normal children are 
rare.” 

Our research has shown that among 
persons with fragile X syndrome, 
which is an X-linked genetic disorder 
with various physical and intellectual 
characteristics, >+ the full DGS, or 
various permutations of its signs, may 
occur in as many as one to two thirds 
of cytogenetically positive female 
heterozygotes." We have also ob- 
served the DGS in an 8-year-old boy 
with fragile X syndrome and low nor- 
mal intelligence.'’ Many of these indi- 
viduals affected by fragile X syndrome 
have normal cognitive functioning, al- 
though attentional and other problems 
can be identified in a certain percent- 
age. The degree of both general and 
focal cognitive deficit is dependent on 
the penetrance of the fragile X gene in 
each case. Our findings are in agree- 
ment with PeBenito et al, who have 
observed the DGS symptoms to persist 
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as these individuals grow older. While 
there may be some compensation for 
the deficits with aging, there is clear 
evidence that certain aspects of the 
disorder may not resolve spontane- 
ously, especially in persons who are 
more severely affected. 

The incidence of fragile X syndrome 
is approximately one in one 
thousand," and it is therefore a major 
cause of X-linked mental retardation 
and learning disabilities. While the 
DGS (and various permutations 
thereof) may have other causes, its 
appearance in persons with no history 
of acquired neurologic disorder should 
suggest the inclusion of fragile X syn- 
drome in the differential diagnosis. 
Some of the cases described by PeBe- 
nito et al may, in fact, be affected by 
fragile X syndrome. The typical phys- 
ical features may be inconsistently 
present, especially in females. These 
include prominent ear, hyperextensi- 
ble finger joints, long face, prominent 
forehead, relative macrocephaly, and 
macroorchidism.'*"’ The disorder may 
be diagnosed by cytogenetic testing, 
although false-negative results are 
relatively common among heterozy- 
gotes. 

JIM GRIGSBY, PHD 
Rocky Mountain Multiple Sclerosis Center 


PO Box 2901, Dept 7500 
Englewood, CO 80110 


RANDI HAGERMAN, MD 
Child Development Unit 
Children’s Hospital 
1056 E 19th Ave 
Denver, CO 80218 


1. PeBenito R, Fisch CB, Fisch ML. Develop- 
mental Gerstmann’s syndrome. Arch Neurol. 
1988;45:977-982. 

2. Gerstmann J. Fingeragnosie: Eine um- 
schriebene Stérung der Orientierung am eigenen 
Körper. Wien Klin Wochenschr. 1924;37:1010-1012. 

3. Gerstmann J. Syndrome of finger agnosia, 
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408. 
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sia. Int J Clin Neuropsychol. 1985;7:157-164. 
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Agenesis of the Corpus Callosum 
and Limbic Malformations Revisited 


To the Editor.—In the September 1987 
issue of the ARCHIVES, de León et al! 
reported a case of Apert syndrome 
with agenesis of the corpus callosum 
and limbic malformations. Recently, 
in a letter to the editor, Jeret et al? re- 
sponded that the case for such central 
nervous system abnormalities in the 
Apert syndrome should not be over- 
stated. It seems to me, however, that 
Jeret et al’ do the opposite; they un- 
derstate it and, at the same time, over- 
state the need for chromosomal analy- 
sis in the Apert syndrome. 

We have had a long-standing inter- 
est in children with multiple malfor- 
mations’ and craniosynostosis,’ espe- 
cially Apert syndrome.*® At least 30 
cases of Apert syndrome are known to 
be associated with agenesis of the cor- 
pus callosum or limbic malformations, 
or both.’ Malformations do not have to 
occur universally in a condition to be of 
significance; they may be variably ex- 
pressed, and, if the anomaly in ques- 
tion occurs more frequently in the 
syndrome population than it does as an 
isolated anomaly in the general popu- 
lation, then, by definition, it is part of 
the syndrome. Anomalies in various 
malformation syndromes are usually 
facultative and not obligatory, that is, 
they occur with various frequencies in 
different syndromes. Thus, any given 
anomaly may or may not occur in a 
specific example of the syndrome in 
question.’ Jeret et al? note that at least 
two dozen patients with fetal alcohol 
syndrome are known to have agenesis 
of the corpus callosum. I regard this as 
a low-frequency anomaly of the fetal 
alcohol syndrome because the condi- 
tion is so common. Compared with the 
birth prevalence of fetal alcohol syn- 
drome, the birth prevalence of Apert 
syndrome is rare. Thus, approximately 
the same number of instances of agen- 
esis of the corpus callosum in Apert 
syndrome is much more significant. 

Jeret et al’ find it “unfortunate” that 
de Leon et al! did not report chromo- 
somal analysis of their patient with 


Apert syndrome and her parents, in- 
dicating that a significant number of 
their own patients with agenesis of the 
corpus callosum had abnormal karyo- 
types. Why Jeret et al? want a chromo- 
some study of Apert syndrome is not 
clear. Evidence indicates that Apert 
syndrome is a mendelian dominant 
disorder and nine familial instances 
are known, including an affected 
father.® The genetic fitness is reduced, 
and most cases are sporadic, repre- 
senting new mutations. A great many 
chromosomal studies of Apert syn- 
drome have been done over the years, 
including high-resolution banding, 
with negative results. All of this is well 
known in the literature independently 
of our forthcoming monograph.° 
M. MICHAEL COHEN, JR, DMD, PHD 
Department of Oral Biology 
and Department of Pediatrics 


Dalhousie University 
Halifax, Nova Scotia, Canada B3H 3J5 
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Validity of Outcome Following 
Stroke Rehabilitation 


To the Editor.—There are several ma- 
jor problems with the article by Heine- 
mann et al' that severely reduce the 
validity of the findings. The fundamen- 
tal issues of sample appropriateness, 
diagnosis, comorbidity, timing, and 
use of an activities of daily living mea- 
sure of unknown reliability and valid- 
ity are ignored.? There are numerous 
inconsistencies in the sample size at 
different analysis stages, particularly 
relating to measures of improvement. 
Other problems include the nonstate- 
ment of the number deceased, and the 
lack of comment about the small num- 
ber of patients admitted from home 
(15% were admitted from home, while 
75% were discharged to home). The 
lack of sufficient information may be 
due to inadequate documentation and 
poor extraction of data, which, unfor- 
tunately, invalidates the results. 

The statistical assumptions of the x? 
test (independence of variables) seem 
to have been violated. Regression anal- 
ysis, not including nonsignificant vari- 


Letters to the Editor 


` 


ables, and the reporting of raw regres- 
sion coefficients instead of standard- 
ized coefficients would have been more 
informative. In examination of em- 
ployment status at follow-up, the most 


critical variable of employment status’ 


prior to stroke has been ignored. The 
discriminant analysis predicting em- 
ployment is less effective than default 
allocation (70% vs 89%). 

The only significant difference be- 
tween patients with complete data and 
those with missing data is in length of 
stay (50 vs 45 days). Thus the sugges- 
tion that this 5-day difference restricts 
the recording of admission data by 
therapists seemed inappropriate, as 


failure to record data at admission is, 


unrelated to length of stay. 
FRANK VANCLAY, MSocSci 
SURYA SHAH, MED, OTR/L 
Department of Occupational Therapy 
University of Queensland 
St Lucia, Qld 4067, Australia 
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In Reply.—Vanclay and Shah address 
concerns about the statistical analysis 
and completeness of data in our manu- 
script, “Multivariate Analysis of Im- 
provement and Outcome Following 
Stroke Rehabilitation” in their letter. 
Please note our response to their con- 
cerns. 

1. They contend that we ignored 
fundamental issues related to sample 
appropriateness, diagnosis, comorbid- 
ity, timing, and use of an activities of 
daily living measure of unknown reli- 
ability and validity. 

We believe the sample of rehabilita- 
tion inpatients was appropriate for 
study. The sample was composed of 
patients admitted for their first stroke 
rehabilitation, a population that com- 
prises a large number of rehabilitation 
cases in the United States and in other 
countries. All patients’ had a primary 
diagnosis of stroke, and presented the 
usual range of comorbidities found in 
this population. The timing of func- 
tional assessment, at admission and 
discharge, is reasonable, since we 
wanted to observe changes that oc- 
curred during patients’ stays. The Bar- 
thel Index has been used in a number 
of other studies and has documented 
reliability and validity. Interested 
readers can consult Gresham et al,' in 
addition to the references we cited, for 
further reliability and validity infor- 
mation on the Barthel Index. 

2. They note that the sample size 
varies between analyses. Inconsisten- 
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cies in sample size reflect our decision 
to use the maximum number of cases 
available when some cases had missing 
data on some variables. The number of 
cases did vary between 157 and 239. 

3. They observed that we made no 
statement about number of deceased 
patients. We chose to address the func- 
tional outcomes of patients who sur- 
vived at least 3 months after stroke 
rehabilitation discharge. We did not 
report that 17% of patients discharged 
from rehabilitation had died by the 3- 
month follow-up. 

4. They were concerned that only a 
small number of patients were admit- 
ted from home. Most patients sus- 
tained recent strokes and were admit- 
ted directly from an acute-care hospi- 
tal. With this sort of referral pattern, 
it is not unusual to find so few patients 
admitted from home, but discharged to 
home. 

5. They stated that the results are 
invalid because insufficient informa- 
tion was extracted from patients’ med- 
ical records. Validity of research de- 
pends not only on the extent of infor- 
mation extracted but also on the care 
with which variables are selected that 
assure internal and external validity. 
We believe the results are valid be- 
cause we selected for study variables 
that appeared to be important from 
prior studies, we used consistent pro- 
cedures for subject selection, and be- 
cause we employed appropriate statis- 
tical analyses. 

6. They assert that x? test assump- 
tions were invalidated because vari- 
ables were not independent. The x’ test 
assesses the extent of association be- 
tween variables; we sought to assess 
the strength of these associations with 
this test. 

7. They wish that we had excluded 
nonsignificant variables from analyses 
and reported raw regression coeffi- 
cients. Standardized regression coeffi- 
cients are typically reported because 
their relative size can be interpreted as 
an index of the strength of association 
with the dependent variable. We in- 
cluded all variables in the analysis be- 
cause we were not interested in maxi- 
mizing prediction, as would be done in 
step-wise regression, but rather in 
testing hypotheses. Consequently, all 
variables must be included in the equa- 
tion to test their relative value. 

8. They assert that prediction of 
employment status at follow-up 
should have included prestroke em- 
ployment status, and that discrimi- 
nant analysis predicting employment 
was less effective than chance guess- 
ing. We agree that prestroke employ- 
ment status would be a good predictor 


variable. Unfortunately, this informa- 
tion was inconsistently recorded; 
hence, we chose to exclude it. While 
chance guessing of employment status 
would be as effective as statistical pre- 
diction overall, the error rate in pre- 
dicting who became employed was 
greatly reduced by this analysis. 

9. They observe that length of stay 
is the only variable that distinguishes 
patients with and without complete 
data, and are not persuaded by our 
speculation that a 5-day difference in 
length of stay accounts for this effect. 
They may well be correct. 

We regret that we did not discuss 
these issues during Shah’s stay at the 
Rehabilitation Institute of Chicago 
(Ill) as a visiting faculty member so 
that they could have been addressed in 
the original manuscript. 

ALLEN W. HEINEMANN, PHD 
ELLIOTT ROTH, MD 


Department of Rehabilitation 
Medicine 


KRISTINE CICHOWSKI, MS 
Program Evaluation and Follow-up 


Henry B. Betts, MD 

Department of Rehabilitation 
Medicine 

Northwestern University 
Medical School 

Chicago, IL 60611 
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On Cerebral Metabolism 
and Aphasia 


To the Editor.—Metter et al' and Kem- 
pler et al? recently characterized the 
regional cerebral metabolic profiles of 
the perisylvian aphasias, strictly using 
the Western Aphasia Battery’ classi- 
fication scheme. For illuminating the 
physiologic processes of neurolinguis- 
tic disturbances, this is unsatisfactory, 
since the Western Aphasia Battery 
uses inconsistent measures of fluency 
and repetition, while the comprehen- 
sion assessment does not exclude er- 
rors arising from defective motor 
planning, spatial inattention, or visual 
imperception. 

The authors also predicted hy- 
pometabolic Broca’s area in conduc- 
tion aphasia from interruption of the 
arcuate fasciculus, but observed this in 
only half their patients’; therefore, 
they questioned the disconnection 
hypothesis.* This is unwarranted, 
since the hypothesis does not predict 
hypometabolic Broca’s area. In con- 
duction aphasia this area continues to 
organize speech output via input from 
other regions,’ with no fluency change. 
The authors’ assumption that resting 
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patterns in metabolic studies may re- 
flect those in active states‘ is question- 
able. Had Kempler et al’ used a dy- 
namic subtraction study, contrasting 
repetition with silent listening,’ they 
might have reached different conclu- 
sions concerning conduction aphasia. 
The differential metabolic rate in 

cortical regions connected to focal 
structural damage has yet to be ex- 
plained; hence, it may be premature to 
test disconnection hypotheses with ce- 
rebral metabolic studies. While the 
disconnection account of conduction 
aphasia may be inadequate," it cannot 
be fairly tested using such a method 
without reconsidering the research de- 
sign. 

Victor W. MARK, MD 

Department of Neurology 

University of Maryland 


22 S Greene St 
Baltimore, MD 21201 
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In Reply.—The letter by Dr Mark chal- 
lenges our work on four grounds: (1) 
the adequacy of the Western Aphasia 
Battery, (2) the value of resting glu- 
cose metabolism in predicting regional 
dysfunction, (8) whether our conclu- 
sions regarding conduction aphasia 
are warranted, and (4) the failure to 
use dynamic subtraction studies. We 
will address these points individually. 

The purpose of our two articles!” was 
to relate glucose metabolic patterns to 
traditional clinical aphasic syn- 
dromes, and not to use the Western 
Aphasia Battery’ as a means of deter- 
mining underlying neurolinguistic dis- 
turbances. The Western Aphasia Bat- 
tery was developed to provide a stan- 
dardized procedure to assist in clinical 
aphasia classification by providing 
fixed criteria, thus allowing for a con- 
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sistent and repeatable diagnosis. Dr 
Mark is correct in pointing out that the 
test was not designed to probe the un- 
derlying “neurolinguistic” basis of 
aphasia. Neurolinguistic analyses are 
particularly important in determining 
the nature of the language disorder 
underlying aphasia, regardless of clin- 
ical type. We have used more neuro- 
linguistically oriented approaches in 
examining characteristics of sponta- 
neous speech in some of these 
patients.* However, this is a different 
line of investigation, outside the ques- 
tion addressed in the studies under 
discussion. 

Dr Mark argues that the use of rest- 
ing local cerebral metabolic rates of 
glucose to evaluate brain-behavior re- 
lationships is premature, because the 
effects of brain damage on glucose me- 
tabolism are not understood. While 
our knowledge is by no means com- 
plete, we believe that it is sufficient to 
begin testing hypotheses. Results of 
positron emission tomographic studies 
show that focal structural lesions are 
associated with glucose hypometabo- 
lism in other regions. We have as- 
sumed that remote metabolic changes 
are associated with regional func- 
tional changes and many will have be- 
havioral concomitants.** In support of 
this position consider that (1) in our 
experience all aphasic subjects have 
glucose metabolic abnormalities in the 
left temporoparietal region indepen- 
dent of the location of structural 
damage.’ Although such correlations 
may be spurious, they are consistent 
with all aphasia models that argue the 
left temporoparietal region is critical 
for language. (2) Higher correlations 
are found between behavioral and re- 
gional metabolic measures than to 
structural damage,‘ which argues for 
a behavioral correlate to regional glu- 
cose metabolism. Clearly, a variety of 
pathophysiological processes can be 
associated with regional hypometabo- 
lism. Such mechanisms need to be un- 
derstood to more fully understand the 
importance of both structural and 
metabolic correlates to behavior. If an 
understanding of the organization and 
function of the brain is necessary be- 
fore examining the functional effects 
of structural lesions on behavior, then 
Broca and Wernicke should not have 
published their seminal works. Our 
arguments are not meant to suggest 
giving up studies of structural damage, 
but rather to propose that they be used 
to further understand the effect of fo- 
cal damage on the entire brain. 

Dr Mark disagrees with our expec- 
tations that disruption of the arcuate 
fasciculus should result in Broca’s area 


hypometabolism in conduction apha- 
sia. He is correct in pointing out that 
the disconnection hypothesis “does not 
predict hypometabolic Broca’s area.” 
While the hypothesis does not consider 
the issue of hypometabolism, it does 
predict a disruption of the major path- 
way that connects Wernicke’s and Bro- 
ca’s regions. Accordingly, the question 
is what is the consequence of a discon- 
nection on regional metabolism? 
There are limited data available to an- 
swer this question. We have described 
a patient who had a focal lesion that 
destroyed the anterior limb of the in- 
ternal capsule.’ This resulted in a 20% 
to 25% reduction in glucose metabo- 
lism in the overlying frontal lobe. At 
necropsy, the hypometabolic frontal 
lobe was found to be structurally in- 
tact. We inferred from these findings 
that the destruction of the internal 
capsule has caused the hypometabo- 
lism, by disruption of input and output 
to the frontal lobe, ie, disconnection. 

From such data, we argued that if a 
disconnection is critical for a behav- 
ioral change, then it should be re- 
flected in regional metabolism. Dr 
Mark argues that Broca’s area may be 
functioning normally, and we agree 
that this could be true. The issue, 
though, is what are the consequences 
of damage to the communications be- 
tween Wernicke’s area and Broca’s 
area? We believe that disruption of in- 
put and output to a region results in 
glucose hypometabolism due to loss of 
glucose utilization by the nerve termi- 
nals derived from the disconnected 
pathway. If so, then disruption of the 
arcuate fasciculus, assuming it is a 
critical structure in conduction apha- 
sia, should alter the connections to 
Broca’s area, which should be reflected 
in its glucose metabolic rate. 

Last, Dr Mark argues that dynamic 
scanning would be a better tool for 
testing our hypothesis. While we agree 
that dynamic scanning is a valuable 
method to understand brain organiza- 
tion of behaviors, great caution will be 
needed when comparing the results in 
normal subjects with those in brain- 
damaged individuals, or between 
brain-damaged individuals. Valid com- 
parisons require that (1) the task being 
done by the brain-damaged individual 
is behaviorally the same as for the 
normal subject, (2) the degree of diffi- 
culty in the task is the same for both 
groups, and (3) that activation of a hy- 
pometabolic region will correspond to 
activation of the normal region. 

In conclusion, we believe that 
positron emission tomography offers a 
tool that will advance our understand- 
ing of brain-behavior relationships. 
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Although we are at an early stage of 
utilizing this method, we believe that 
our studies help to develop explana- 
tions for the behavioral and patho- 
physiological effects of altered cere- 
bral glucose metabolism. Extensive 
human and animal models are needed 
to understand the underlying pro- 
cesses that result in the changes that 
are being seen. We agree with Dr Mark 
that caution is necessary, but regard 
with skepticism the notion that our 
lack of understanding makes our ex- 
perimentation premature. If further 
technological advances and analyses 
provide alternate explanations of our 
notions, we believe that we have par- 
ticipated in the development of ideas 
by raising issues regarding the remote 


brain effects of focal structural lesions. 
E. JEFFREY METTER, MD 
National Institute on Aging 
Gerontology Research Center 
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Cerebral Cavernous Malformations 


To the Editor.—In the February 1989 
issue of the ARCHIVES, Allard et al' de- 
scribed several members of a family 
who had multiple lesions noted on 
magnetic resonance imaging that were 
termed arteriovenous malformations. 
These lesions, however, have the char- 
acteristic magnetic resonance imaging 
appearance of cavernous malforma- 
tions (angiomas), another type of ce- 
rebral vascular malformation.’ 

Cerebral cavernous malformations 
are masses of abnormally dilated vas- 
cular spaces with no intervening brain 
parenchyma.’ These lesions, once re- 
garded as rare, are being diagnosed 
with increasing frequency with mag- 
netic resonance imaging. In the past, 
cavernous malformations have often 
been diagnosed as thrombosed arteri- 
ovenous malformations.’ There is a 
sporadic and a familial form of cere- 
bral cavernous malformation.‘ The 
sporadic form accounts for approxi- 
mately 50% of cases and is typically 
associated with a single lesion. The 
familial form of the disorder is com- 
mon in Mexican-American families, is 
inherited as an autosomal dominant 
trait, and is associated with multiple 
lesions in 80% of cases.*° 

Cerebral arteriography is normal in 
40% of cases of cavernous malforma- 
tions, and the most frequent abnor- 
mality is nonspecific mass effect.” Ce- 
rebral cavernous malformations have 
a specific appearance on magnetic res- 


onance imaging. Larger lesions appear » 


as areas of mixed signal intensity sur- 
rounded by a rim of low signal inten- 
sity on T,-weighted images, while 
smaller lesions appear as dots of 
decreased signal intensity on T,- 
weighted images.’ 

The diagnosis of a true arterio- 
venous malformation requires the 
presence of a shunt between the arte- 
rial and venous systems.’ A small per- 
centage of arteriovenous malforma- 
tions have been termed occult or cryp- 
tic arteriovenous malformations 
because of a lack of filling on angiog- 


raphy; however, these lesions can often 
be differentiated from cavernous mal- 
formations on magnetic resonance 
imaging.’ The presence of multiple 
arteriovenous malformations in a sin- 
gle patient or a familial incidence of 
true arteriovenous malformations is a 
rare occurrence. 

The appearance of an arteriovenous 
malformation on magnetic resonance 
imaging is a mass of signal void spaces, 
which often have a serpentine config- 
uration, surrounded by brain tissue. 
There is usually excellent demonstra- 
tion of the feeding arteries and drain- 
ing veins.>” 

As the authors noted, magnetic res- 
onance imaging should be the diagnos- 
tic modality of choice for cerebral vas- 
cular malformations because of its 
sensitivity. Fortunately, magnetic 
resonance imaging also allows precise 
identification of the type of vascular 
malformation that is critical in plan- 
ning the appropriate approach to ther- 
apy and treatment. Because treatment 
varies with the type of malformation, 
the term, arteriovenous malformation, 
should not be applied indiscriminately 
to all cerebral vascular malforma- 
tions. 

K. STUART LEE, MD 

ROBERT F. SPETZLER, MD 
Division of Neurological Surgery 
Barrow Neurological Institute 


350 W Thomas Rd 
Phoenix, AZ 85013 
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MIDAS REX™ Institute 
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“Modern Dissection Techniques Of Bone, Biometals, Bioceramics, and Bioplastics” 

(NEURO 700)* (ORP 700)* 

For NEUROSURGEONS, PLASTIC, ENT, CRANIOFACIAL, and MAXILLOFACIAL SURGEONS For OR PERSONNEL only: 
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utilizing appropriate animal bones, bioplastics and biometals. throughout Palm Beach County. 
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and spine, including attention to bioplastics and biometals ap- with many boasting 5 star ratings. 

plicable to neurosurgery. 

OR PERSONNEL—dissection skills to become familiar with the appli- ENROLLMENT: Fee (US$): Surgeon $965.00; Resident $585.00 

cations of power instrumentation; discussion of and participation in {with letter from Department Head); All Operating Room Personnel 

problem solving, care, and proper mainte- (RN/CST/PA/Other) $250.00. Make check to “Palm Beach Sym- 
nance of power equipment. ° posium.” Mail to: Midas Rex Institute, 2929 Race Street, Fort Worth, 

AREA ATTRACTIONS: Texas 76111. Phone: 800-433-7639 or 817-831-2604. 


SPECTATOR SPORTS—Baseball, Jai Alai, k a ae . 
Greyhound Racing, Polo, Golf, Tennis, F Enrollment is limited. Please call to reserve space before sending check or 
Sailing. į arranging travel plans. All enrollments are made through the Midas Rex office 
in Fort Worth. Join the more than 7,800 enrollees who have completed Midas 
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The Department of Neurology 


ELECTRONYSTAGMOGRAPHY University of Miami School of Medicine 


Short Courses for Physicians, Audiologists __ Presents 
and Technicians NEUROLOGICAL UPDATE 1990 


, i February 7 - 10, 1990 
Sponsored by The Methodist Hospital and the In- 
stitute of Otorhinolaryngology and Communicative 
Disorders, The Neurosensory Center'of Houston. 


March 23, 24, and 25, 1990 


Two parallel three-day intensive courses in clinical 
ENG are offered. The technicians’ course stresses 
practical aspects of test technique, and the physicians’ 
course stresses clinical applications. Audiologists may 
take a specially scheduled program which includes 


Bal Harbour, Florida 


GUEST FACULTY 
David L. Bachman, M.D. 
Charleston, SC 


J.T. Phillips, M.D. 
Dallas, TX 


John G. Nutt, M.D. 
Portland, OR 


Michael J. Reding, M.D. 
White Plains, NY 


Roger M. Kurlan, M.D. 
Rochester, NY 


L. James Willmore, M.D. 
Houston, TX 


Designed for neurologists, neurosurgeons, and psychiatrists, the program also contains 
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parts of both the techniques and interpretation 
course. The courses rely heavily on tutorial teaching 
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Selegiline Use to Prevent Progression of 


Parkinson’s Disease 


Experience in 22 De Novo Patients 


Teresita S. Elizan, MD; Melvin D. Yahr, MD; Daniel A. Moros, MD; Marina R. Mendoza, MD; 


Stuart Pang, MD; Carole A. Bodian, DrPH 


@ To test the hypothesis that selegiline 
(L-deprenyl), a selective inhibitor of B-type 
monoamine oxidase, can halt the natural 
progression of Parkinson’s disease, its 
use in 22 naive patients (mean age, 58 
years; mean Parkinson’s disease duration, 
2.3 years) in the early stages (1 to 2) of the 
disease was studied. Patients were 
started and maintained on a daily dose of 
10 mg of selegiline, and they underwent 
neurologic examinations at 3-month inter- 
vals using our center’s disease staging 
and total rated disability scores. The cri- 
terion set for disease progression was de- 
fined as either the appearance of a new 
objective sign and/or a definite, persis- 
tent worsening (>25%) of existing signs 
after the initiation of the selegiline trial. 
Patients remained on a regimen of sele- 
giline alone for periods ranging from 7 to 
84 months. At the time of their latest neu- 
rologic examination, 17 (77%) of the 22 
patients had conditions that demonstrably 
worsened with selegiline alone at an aver- 
age of 10.8 months from the start of the 
drug therapy. Six of these 17 patients with 


The natural history of Parkinson’s 

disease (PD) is characterized by a 
progressive, unremitting, long-term 
clinical deterioration that is assumed 
to be due to a continuous degeneration 
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worsening conditions (or 27% of the orig- 
inal 22) eventually required the addition of 
levodopa with carbidopa (Sinemet) on av- 
erage at 13 months from the start of sele- 
giline therapy; they have continued, to 
date, taking this combination for an addi- 
tional mean follow-up period of 20.7 
months. Four of the original 22 patients 
had relatively unchanged, stable neuro- 
logic status at the time of their latest 
examination (average follow-up period, 
11.6 months). One patient had improve- 
ment in his overall disability scores 
greater than 25% with unchanged disease 
stage, which was maintained throughout 
his selegiline trial of 12.5 months, when he 
was unavailable for follow-up. The use of 
selegiline in the early phase of Parkinson’s 
disease neither prevents the emergence 
of new signs nor halts the progression of 
those previously present. Although our 
data demonstrate that selegiline cannot 
halt the progression of the disease, the 
possibility that selegiline reduces the rate 
of progression remains open. 
(Arch Neurol. 1989;46:1275-1279) 


of central dopaminergic systems pri- 
marily affecting the nigrostriatal 
pathways. The resulting striatal 
dopamine loss is, in turn, significantly 
correlated with the severity of sub- 
stantia nigra cell loss. The extent to 
which the brain dopamine system is 
capable of functionally compensating 
for the lost neuronal substrate is re- 
flected in the observation that parkin- 
sonian signs and symptoms do not be- 
come clinically manifest unless the 
striatum loses 80% or more of its 
dopamine.' The crucial role of this 


dopamine loss has been repeatedly 
confirmed by the therapeutic success 
of dopamine substitution therapy in 
the form of levodopa. Levodopa, how- 
ever, does not arrest nigrostriatal de- 
generation. The decline in efficacy and 
increasing response fluctuations that 
characterize long-term levodopa ther- 
apy may, in fact, be partly, if not pri- 
marily, due to such a continuing, crit- 
ical, irreversible loss of nigrostriatal 
nerve terminals, as well as a decreas- 
ingadaptivecapacityofremainingdopa- 
mine neurons. 


See also p 1280. 


Selegiline (L-depreny1!), developed in 
the early 1960s* as a new spectrum, 
potent, irreversible monoamine oxi- 
dase (MAO) blocker, was introduced as 
the first selective inhibitor of B-type 
MAO? As recently summarized by its 
discoverer,’ it facilitates activity of the 
nigrostriatal dopaminergic neuron in 
a unique manner, by its selective inhi- 
bition of B-type MAO, prevention of 
dopamine reuptake into presynaptic 
storage sites, and facilitation of scav- 
enger functions. Selegiline is claimed 
to increase the firing rate of nigrostri- 
atal dopamine neurons and to increase 
the rate of use of dopamine in the stri- 
atum. In addition, selegiline has been 
shown to protect the dopaminergic 
neuron from the toxic effects of the 
highly selective neurotoxins 6-hydrox- 
ydopamine*®® and 1-methyl-4-phenyl- 
1,2,3,6-tetrahydroxypyridine (MPTP) 
in experimental animals. This has led 
to the suggestion that a neurotoxin al- 
lied to MPTP or to byproducts of 


Selegiline—Elizan et al 1275 


monoaminergic metabolism that re- 
lease excess quantities of free radicals 
and highly reactive quinones may have 
a causal role in PD. 

In 1975, selegiline was first reported 
by Birkmayer et al’ in Vienna, Austria, 
as a new therapeutic agent in PD. As 
the only MAO inhibitor that could be 
safely combined with levodopa, sele- 
giline has been given as an adjunct to 
conventional levodopa therapy in sev- 
eral short-term and longer-term open 
and double-blind studies." The bene- 
fits and limitations of selegiline as an 
adjunctive agent have been noted, es- 
pecially the reduction of end-of-dose 
akinesia and the levodopa-sparing ef- 
fect. Birkmayer et al'”'® strongly pro- 
posed the idea that adding selegiline 
“leads to a prolongation of L-dopa 
efficacy in Parkinson’s disease,” and 
reported evidence that purportedly 
showed selegiline “favorably increas- 
ing life expectancy.” The authors fur- 
ther concluded from their data that 
this selective MAO-B inhibitor “has 
the ability to prevent or retard the de- 
generation of striatal dopaminergic 
neurons in Parkinson’s disease,” com- 
parable to its selective protective ef- 
fect in experimental animals that had 
been given MPTP. To our knowledge, 
this is the first time that a drug has 
been considered potentially effective 
against the basic neuronal degenera- 
tion of a human disease. 

In 1976, we started an open, prospec- 
tive clinical trial of selegiline in 
levodopa-treated patients with PD 
who were having increasingly limited 
or poor global motor response to 
levodopa or who were experiencing 
daily episodic motor deterioration that 
was either dose related or unpredict- 
ably random. Our 10-year experi- 
ence with this combined levodopa 
(Sinemet) plus selegiline therapy will 
be reported in a separate article. The 
present report focuses on our experi- 
ence with the use of selegiline as mono- 
therapy in de novo patients with early 
PD with the purpose of determining its 
ability to prevent the progression of 
the parkinsonian syndrome. 


PATIENTS AND METHODS 


Patients at the Mount Sinai’s Clinical 
Center for Parkinson’s and Allied Diseases 
(New York, NY) with newly diagnosed idio- 
pathic PD in its early phase and who had 
not had previous levodopa therapy were 
asked to participate in this open clinical 
trial of selegiline. To date, 22 patients have 
elected to be involved in the study. All pa- 
tients had complete neurologic examina- 
tions before entering the study and their 
parkinsonian state rated the day before 
starting the drug therapy, 1 month later, 
and every 3 months thereafter. Examina- 
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Table 1.—De Novo Patients With Parkinson’s Disease (PD) Treated With Selegiline: 
Demographics of Study Population (N = 22) 


Case No./Sex/Age, y, at PD Onset 
1/M/58 


8/M/43 
9/M/54 
10/M/54 


16/M/75 


19/M/60 
20/F/44 


tions were carried out by two neurologists 
at each office visit, using the center’s non- 
parametric rated PD motor disability 
scores (25 motor items, rated 0 to 4) and 
functional PD staging (stages 1 through 5). 
A global historical assessment by the ex- 
amining neurologist of the patient’s overall 
functional status between office visits is in- 
cluded in the evaluation of each patient’s 
condition. Criteria set for disease progres- 
sion were defined as the appearance of new 
objective signs and/or definite worsening 
(>25% ) of existing (before selegiline) signs. 
All patients were asked to take one 5-mg 
tablet of selegiline twice a day, at 8 AM and 
noon. 

At the start of the selegiline trial (Table 
1), three patients were in stage 1 (unilateral 
motor dysfunction), 18 were in stage 2 (bi- 
lateral motor dysfunction without postural 
instability or balance impairment), and 1 
was in stage 3 (bilateral motor dysfunction 
with some degree of postural instability/ 
balance impairment; functionally indepen- 
dent). Motor disability scores ranged from 
2 to 18, with a mean of 9.4 (maximum, 100). 
There were 17 men and 5 women, ranging in 
age from 43 to 75 years, with a mean age of 
58.0 years, who have had PD for an average 
of 2.3 + 2.0 years at the start of selegiline 
treatment. 


RESULTS 


Table 2 shows the neurologic status 
of each of the 22 patients at their lat- 
est examination 7 to 84 months after 
selegiline treatment was started. The 
Figure shows graphically the time 
course of the disease for each patient 
while receiving selegiline treatment. 


PD Duration ee 
at Start of Neurologic Status 
Selegiline Score/Stage Before 
Treatment, y Selegiline Treatment 










2 10/2 


9/2 
6/1 


1 (0.75) 5/1 


1 (0.50) 14/2 


18/3 
14/2 





To date, 13 patients (59% ) have been 
receiving selegiline for 7 to 18 months, 
and the remaining 9 patients (41%) 
have been receiving the drug for more 
than 18 to 84 months. No untoward 
side effects, however minor, have been 
reported. Seventeen patients (77%) 
have had new objective parkinsonian 
motor deficits and/or definite worsen- 
ing (>25% ) of preexisting signs within 
2 to 23 months (mean, 10.8 months) 
from start of the selegiline trial. Six of 
these patients with worsening parkin- 
sonism eventually required the addi- 
tion of levodopa at 3, 7, 13, 13, 19, and 
23 months, respectively, from start of 
their selegiline trial (average time re- 
ceiving selegiline alone to addition of 
levodopa, 18 months). and have been 
continued to date on a regimen of 
combined selegiline and levodopa for 
an additional 13, 30, 11.5, 3.5, 65, and 1 
month, respectively (average time re- 
ceiving combined drugs, 20.7 months). 
Two of these 6 patients had a dramatic 
improvement in their objective scores 
and functional stages within 1 to 3 
months after the addition of levodopa 
that has been maintained; the condi- 
tions of 2 patients have continued to 
deteriorate while receiving combined 
therapy; 1 patient has had no new 
signs or symptoms since addition of 
levodopa; and 1 patient has had too 
short a follow-up after the addition of 
levodopa. 

Four of the original 22 patients had 
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Table 2.—De Novo Patients With Parkinson’s Disease Treated With Selegiline: Neurologic Status at Latest Examination (N = 22) 





Total No. of Months Score/ Global Evaluation F 

Case No. Receiving Selegiline Alone Stage (Total Course Receiving Selegiline) 

A Mildly improved scores (stage, to 1) from 2% mo after start of selegiline therapy to 18 
mo; gradual but definite worsening of scores at 23 mo; progression continuing; still j 


remains fully functional 


Mildly improved scores (stage, to 1) at 6-12 mo after start of selegiline therapy; 
definite worsening at 18 mo, more overt in last 9 mo; progression continuing; still 
remains fully functional m 


L lower leg tremor first noted at ninth month with selegiline therapy; dexterity worse at 
15th mo; deteriorating penmanship at 20th mo; definite worsening in functional 
status, subjectively and objectively 


L leg tremor first noted at 16th mo with selegiline therapy; worsening axial rigidity and 
penmanship; relatively unchanged scores/stages, but new and progressive signs 
and symptoms present 


Relatively stable scores during first 10-15 mo with selegiline treatment; definitely worse 
at 16th mo with selegiline alone, with increased tremor of R hand, trouble 
swallowing, slower gait, and deteriorating penmanship; levodopa added at 23rd mo; 
receiving combined selegiline plus levodopa for 1 mo 


Relatively unchanged scores/stage; no new signs or symptoms; functionally stable; 
handwriting ‘“‘less free” (subjective impression) £ 


Slower in most motor activities; definite worsening of scores last 3-6 mo; still remains 
fully functional | 


Remains quite active in sports, but definitely slower in skiing and tennis playing; S 
bradykinesia more overt in last 6 mo i 


No new signs or symptoms; objectively worse in last 3 mo with increased tremor in L 
upper extremity and increased rigidity; functionally relatively stable e 





10 13% 6/1 Relatively unchanged scores/ stages; tremors episodically increased by emotional 
stress; no new signs or symptoms | 


11 13 17/2 Mild, but definitive worsening in last 3 mo; increasing frequency of intermittent tremors 
and worsening rigidity; remains functionally stable 


12 13 7/2 Maintained stable scores/stages in first 10 mo with selegiline; mild, but discernible, 
worsening of scores, with progressive bradykinesia and increased tremors 


Modest, but definitive, improvement in scores and functional status; selegiline 
H- treatment discontinued due to difficulties with follow-up visits 


Within 2 mo of start of selegiline treatment, onset of R leg tremor; at seventh mo, 
diminished arm swing and worsening bradykinesia; progressively worsening 
scores/stage 


R-sided signs detected for first time at 4th mo of selegiline treatment; increasing 
slowness in most activities of daily living in last 3-6 mo; new R-sided signs persist; 2 
worsening bradykinesia 


Relatively unchanged scores/stage; suggestive increase in R upper extremity tremor in 
last 4 mo; no new signs or symptoms 





17 7 8/2 Stable neurologically; no new signs or symptoms 


Beginning worsening at 15 mo with selegiline treatment; continued deterioration; 
levodopa had to be added at 19th mo of receiving selegiline alone; continued 
progression of motor dysfunction with combined selegiline plus levodopa for an 
additional 65 mo; latest score/stage at 84th mo from start of selegiline treatment: 
27/2 


Beginning worsening at 5 mo with selegiline treatment; frequent freezing and 
festinating gait; levodopa added at seventh mo of receiving selegiline alone; 
continued progression of motor dysfunction with combined selegiline plus levodopa 
for an additional 30 mo; latest score/stage at 37th mo from start of selegiline 
treatment: 25/3 


Beginning worsening at second and third mo with selegiline treatment; levodopa added 
at third mo of receiving selegiline alone; no new signs or symptoms since levodopa 
was added; has been receiving combined selegiline plus levodopa for an additional 
13 mo; latest score/stage at 16th mo from start of selegiline treatment: 11/2 


Beginning worsening at 9 mo with selegiline treatment, with development of new signs 
and symptoms and worsening of total scores; levodopa added at 13th mo of 
receiving selegiline alone; dramatic improvement within 3 mo of combined selegiline 
plus levodopa; maintained improvement in scores and stage with combined selegiline 
plus levodopa for an additional 11.5 mo; latest score/stage at 24.5 mo from start of 
selegiline treatment: 5/1 


Definitive worsening at 9 mo with selegiline treatment with worsening of total scores: 
levodopa added at 13th mo of receiving selegiline alone; dramatic improvement 
within 1 mo with combined selegiline plus levodopa; maintained improvement in 

nw scores and stage with combined selegiline plus levodopa for an additional 3.5 mos; 
latest score/stage at 16.5 mo from start of selegiline treatment: 2.5/1 
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Neurologic status at latest examination of 22 de novo patients with Parkinson’s disease receiving selegiline. 
Solid line indicates receiving selegiline alone; dashed line, receiving selegiline plus levodopa; upside down 
T, worsening first noted or worsening continuing at last examination; and T, improvement. 


relatively unchanged neurologic sta- 
tus at their latest examination for an 
average follow-up period of 11.6 
months. One other patient had modest, 
but definite, improvement in scores 
and functional status when last exam- 
ined at 12.5 months from start of sel- 
egiline treatment but was unavailable 
for follow-up after he left the country. 

Mild degrees of improvement in to- 
tal disability scores and global func- 
tional status (10% to 20% objective 
changes) were noted in most patients 
for a few months to almost a year af- 
ter start of selegiline treatment, but 
this “improvement” was predomi- 
nantly subjective, nonspecific (“I feel 
better, doctor!”), transitory, and fluc- 
tuating, while definite progression was 
unmistakable with the appearance and 
persistence of new signs and worsen- 
ing of deficits already present at the 
start of selegiline treatment. 


COMMENT 


Our study directly tested the hy- 
pothesis that selegiline, the highly po- 


1278 Arch Neurol—Vol 46, December 1989 


tent selective inhibitor of B-type MAO, 
can stop or prevent the inexorably 
progressive course of PD. Despite the 
selection of patients with the earliest 
diagnosable PD with the mildest de- 
gree of parkinsonism, our long-term 
therapeutic results with the drug have 
been disappointing. Emergence of new 
signs of the disease, as well as the per- 
sistence and worsening of previously 
existing motor deficits, invariably oc- 
curred in the majority (77%) of pa- 
tients within less than 1 year (mean, 
10.8 months) from the start of the se- 
legiline trial. This group of patients, if 
anything, were highly motivated “to 
do well” with the drug and were un- 
usually clear and precise in their as- 
sessment of their functional state un- 
der the usual conditions of their home 
and work environment. Objective mea- 
sures of deterioration were usually 
paralleled by a grudging admission of 
subjective worsening of specific motor 
activities. 

To our knowledge, only two other 
groups of investigators have previ- 


ously attempted the use of selegiline as 
primary therapy to naive patients in 
the early stages of PD. Lees et al 
mention their experience in five previ- 
ously untreated patients given 10 to 15 
mg of selegiline for a month; no anti- 
parkinsonian effects were noted. 
Csanda and Tarczy”? studied 30 pa- 
tients who were receiving selegiline 
alone for 6 months; 10 of their patients 
had “slight” improvement in the early 
months of the study that was not 
maintained; all the other patients had 
poor therapeutic response and re- 
quired the addition of other anti-PD 
drugs at the end of the short study pe- 
riod. Six of our 17 patients with wors- 
ening conditions in this report re- 
quired the addition of levodopa on av- 
erage at 13 months from the start of 
selegiline monotherapy. It would seem 
most likely that the addition of 
levodopa will be necessary in the re- 
maining patients as well, within a time 
frame when it is usually introduced. 
Recently, a number of multicenter 
randomized controlled clinical trials of 
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selegiline (and also of tocopherol, a 
lipid-soluble antioxidant) have been 
initiated in the United States, Canada, 
and the United Kingdom to explore the 
potential protective effect in retarding 
the progression of PD. These studies 
involving large patient populations 
may show that such can occur. How- 
ever, from our experience to date, it 
appears highly unlikely that selegiline 
by itself can halt the parkinsonian 
process. 

An updated analysis of the above 
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data 10 months later (or an average of 
23 months from the start of selegiline 
therapy) has shown that 20 (91%) of 
the original 22 patients had significant 


worsening of their parkinsonian state | 


while receiving selegiline alone. This 
consisted of either an increase in se- 
verity of their existing parkinsonian 
deficits or the occurrence of new ones. 
Fifteen (68% ) of these patients are al- 
ready receiving additional levodopa 
and the other 5 will shortly require 
such addition. One patient had an un- 
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Selegiline as an Adjunct to 
Conventional Levodopa Therapy 
in Parkinson’s Disease 


Experience With This Type B Monoamine Oxidase Inhibitor 


in 200 Patients 


Teresita S. Elizan, MD; Melvin D. Yahr, MD; Daniel A. Moros, MD; 
Marina R. Mendoza, MD; Stuart Pang, MD; Carole A. Bodian, DrPH 


@ Two hundred patients at a median age 
of 63 years, receiving conventional levo- 
dopa therapy for 8 years, who had had 
Parkinson’s disease for 10 years, tried a 
regimen of selegiline (L-deprenyl), a type B 
monoamine oxidase inhibitor, at a daily 
dose of 10 mg, for varying periods from 
less than 6 months to more than 24 months 
(28% over 24 months). Selegiline does im- 
prove parkinsonism during the initial 6 
months to 12 to 24 months of combined 
therapy in one third to almost half of 
patients with an end-of-dose type of re- 
sponse to long-term levodopa therapy. 
However, even this particular class of pa- 
tients is unable to maintain such an im- 
provement by 36 months, much less by 48 
months, from the start of the selegiline 
trial. About one quarter of poor respond- 


[gvodopa in combination with a pe- 

ripheral decarboxylase inhibitor 
has remained the drug of choice in the 
treatment of Parkinson’s disease (PD). 
However, it neither arrests nigrostri- 
atal degeneration nor prevents the 
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ers to levodopa and those with random 
deterioration show improvement in their 
parkinsonian status in the first 6 months of 
the selegiline trial, but their conditions 
quickly deteriorate by 1 year. The predom- 
inant pattern of response to previous 
levodopa therapy and the severity of the 
total disability score at the initiation of the 
selegiline trial were the two variables that 
were predictive of risk of failure with the 
drug. No evidence suggested that sele- 
giline decreases the excess mortality rate 
of Parkinson’s disease above that 
achieved with the use of levodopa alone. 
Selegiline as an adjunctive agent to con- 
ventional levodopa therapy was not un- 
duly impressive with regard to preventing 
progression of Parkinson’s disease. 
(Arch Neurol. 1989;46: 1280-1283) 


progressive disabling course of the 
disease. 





See also p 1275. 





The potentiation of levodopa’s clini- 
cal effectiveness was first seriously at- 
tempted by means of inhibitors of the 
extracerebral dopa decarboxylase 
(carbidopa, benserazide), and, more 
recently, by inhibitors of monoamine 
oxidase (MAO). Monoamine oxidase, 
whose reaction involves the formation 
of hydrogen peroxide, has been sus- 
pected of participating in the possible 
damage of the basal ganglia by free 
radicals formed from hydrogen perox- 


ide. Oxidative deamination of dopa- 
mine by MAO, which generates hydro- 
gen peroxide either directly or through 
the formation of free oxy-radicals, can 
induce selective neuronal damage. 
With destruction of some portion of 
the nigrostriatal system, dopamine 
turnover is markedly augmented in 
the surviving nigral cells and striatal 
dopamine terminals; this can lead toa 
flux of peroxide formation and, hence, 
accelerated neuronal damage.'? If this 
postulated process were indeed play- 
ing a role in the nigrostriatal degener- 
ation of PD, then MAO inhibition, 
which might be expected to retard this 
process directly since dopamine is 0x- 
idized by type B MAO,’ would seem to 
be a logical therapeutic strategy. 
Selegiline (L-depreny]), developed in 
the early 1960s° as a new spectrum, 
potent, irreversible MAO blocker, was 
introduced as the first selective inhib- 
itor of type B MAO.“ As recently 
summarized by its discoverer,’ sele- 
giline “facilitates activity of the ni- 
grostriatal dopaminergic neuron in a 
unique manner by its selective inhibi- 
tion of B-type MAO, its inhibition of 
dopamine uptake and its facilitation of 
scavenger functions.” Selegiline is 
claimed to increase the firing rate of 
nigrostriatal dopamine neurons and to 
increase the rate of use of dopamine in 
the striatum. In addition, selegiline 
has been shown to protect the dopa- 
minergic neuron from the toxic effects 
of the highly selective neurotoxins 6- 
hydroxydopamine’® and 1-methyl- 
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Table 1.—Reason for Inclusion in 
Selegiline Trial (Dominant Type of 
Response to Long-term 
Levodopa Therapy) 








No. (%) of 

Patients 
108 (54) 
38 (19) 
54 (27) 


* Predictable ‘““wearing-off’’ response or end-of- 
dose akinesia/tremors. 

tUnpredictable, non-dose-related, usually rapidly 
occurring ‘‘on/off’’ episodes. 

Limited or virtually no improvement to increasing 
doses of levodopa. 






Response 
End-of-dose deterioration * 
Random deteriorationt 
Poor (‘‘bad’’) responder 


















4-pheny]-1,2,3,6-tetrahydroxypyridine 
(MPTP)'° in experimental animals. 

In 1975, Birkmayer et al” first re- 
ported selegiline as a new therapeutic 
agent in PD. As the only MAO inhibi- 
tor that could be safely combined with 
levodopa, selegiline has been given as 
an adjunct to conventional levodopa 
therapy by Birkmayer and col- 
leagues'''* who have reported on the 
potentiation of the antiakinetic effect 
of levodopa by selegiline, the prolon- 
gation of levodopa efficacy, and the in- 
creased life expectancy resulting from 
such a combined therapy. They sug- 
gested the conclusion that selegiline 
“has the ability to prevent or retard 
the degeneration of striatal dopamin- 
ergic neurons in Parkinson’s dis- 
ease,” comparable to its selective pro- 
tective effect in experimental animals. 

In the late 1970s, we started a pro- 
spective, open trial of selegiline in 
levodopa/carbidopa-treated patients 
with PD who were having increasingly 
limited or poor global motor response 
to levodopa therapy or who were expe- 
riencing daily episodic motor deterio- 
ration that was either dose related or 
unpredictably random. Our 10-year 
experience with this combined 
levodopa (Sinemet) plus selegiline 
therapy is the subject of this report. 


PATIENTS AND METHODS 


Patients were chosen from Mount Sinai’s 
Parkinson’s Center, New York, NY. All had 
idiopathic PD and were having increasingly 
poor global motor response and/or func- 
tionally disabling unpredictable or random 
deterioration or predictable end-of-dose de- 
terioration (Table 1). They had been receiv- 
ing conventional levodopa therapy for a 
median duration of 8.0 years, had had PD 
for a median duration of 10.0 years, and had 
a median age of 63 years at the start of their 
selegiline trial. Informed consent was ob- 
tained according to the approved rules of 
the ethics committee. Selegiline, 5 mg at 8 
AM and 5 mg at noon, was added to the pa- 
tient’s regular treatment regimen. Subjects 
were regularly examined before and after 
the introduction of selegiline into their 
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End-of-Dose 





Statust Deterioration, % 
At 6 mo (N = 85) 

Improved 46 

Unchanged 16 


38 





Worse 
At 12 mo 
Improved 49 
Unchanged 11 
Worse 40 
At 24 mo 
















Improved 30 
Unchanged 12 
Worse 58 


Table 2.—Status of Patients at 6, 12, and 24 Months After Starting Selegiline 
Treatment Compared With That at Start of Selegiline Treatment * 










Poor Random 
Responder, % Deterioration, % 
(N = 38) (N = 28) 

29 21 
17 17 























3 7 
9 
88 90 








*Percentages are based on patients with known information at specified time of neurologic examination. 


tStatus: Unchanged, patient still receiving selegiline with motor rating score within 25% of before-selegiline 
score; improved, patient still receiving selegiline with motor rating score at least 25% better than before-sele- 
giline score; and worse, either patient had to have selegiline treatment stopped or patient still taking selegiline 
but motor rating score at least 25% worse than before-selegiline score. 


Table 3.—Longer-term Experience 
With Selegiline for Patients Continuing 
to Receive Levodopa: Cumulative 
Proportion of Patients Stopping 
Selegiline* Treatment by 48 Months 
Among 98 Patients Starting Selegiline 
Treatment Before 1984 


Reason 
Started 
Receiving 
Selegiline 
(No. of 
Patients) 

End-of- 
dose 
(n = 52) 
Poor 
responder 
(n = 20) 
Random 
(n = 26) 


* At 48 months or longer, only two random respond- 
ers, three poor responders, and nine end-of-dose re- 
sponders were still receiving their initial selegiline. 


Cumulative Percentage 
Stopping Selegiline 
Treatment by Month 


treatments by at least one, and usually two, 
experienced neurologists. Daily examina- 
tions were done in the hospital during the 
initial 7 to 10 days of the selegiline trial, and 
usually monthly in the first 3 months, and 
every 3 to6 months thereafter. The center’s 
rated neurologic examination and func- 
tional (Hoehn-Yahr) staging and a global 
historical assessment by the examining 
neurologist of the patient’s overall func- 
tional status between office visits were used 
at each evaluation. 

Selegiline treatment was stopped when 
continued worsening of the parkinsonian 
state was convincingly demonstrated, the 
drug deemed ineffective, and both neurolo- 
gist and patient agreed to discontinuation 
of the trial. All patients continued receiving 
conventional levodopa therapy after cessa- 
tion of selegiline treatment and were fol- 
lowed up neurologically as before. Sele- 





Table 4.—Factors That Jointly 
Influence the Chances of Being Taken 
Off Selegiline Treatment (Regression 

Analysis—Cox Proportional 
Hazards Model) 


Patient’s class at start of selegiline 
treatment * 
Poor responder's risk = 
1.7 X risk of end-of-dose (P < .02) 
Random deterioration’s risk = 
2.0 X risk of end-of-dose (P < .01) 


Patient's score at start of selegiline 
treatment * 
Risk increases by a factor of 1.019 
for every unit increase in score 
(P < .01) 


* No additional influence was found when age, du- 
ration of Parkinson's disease (PD), or stage of PD at 
start of selegiline treatment were added to the factors 
above. 





giline continued to be given to all patients 
whose conditions were either relatively un- 
changed (<25% change from before sele- 
giline motor status) or were actually im- 
proved (“better,” at least 25% improve- 
ment from before selegiline scores) or were 
clearly worse (at least 25% deterioration 
from before selegiline state), but who 
elected to continue receiving the drug de- 
spite the neurologist’s conclusion regarding 
ineffectiveness of the drug. Adjustments of 
concomitant conventional levodopa ther- 
apy were made at each office visit according 
to the particular patient’s need. The data 
for this study were stored on the City Uni- 
versity of New York mainframe computer 
(IBM 3090). Statistical tests of association 
on completed data were implemented using 
the BMDP program P4F for x? tests on con- 
tingency tables. The BMDP program P2L"* 
was used for the regression analysis of fac- 
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Table 5.—Estimated Relative Risks of 

Stopping Selegiline Treatment at Any 

Point in Time From Start of Selegiline 
Treatment by Class and Score* 


End-of- Poor 
Score Dose Responder Random 


10 1 Cir 2.0 
20 1.2 2.0 2.4 
30 1.5 2.5 3.0 


* Relative risk of stopping selegiline treatment for a 
patient with an end-of-dose response with a score of 
20 is compared with a patient with an end-of-dose re- 
sponse with a score of 10 = (1.019)"° = 1.2; witha 
score of 30 vs a score of 10 = (1.019) = 1.5. At 
a score of 10, a bad responder’s relative risk of hav- 
ing selegiline treatment stopped is 1.7 times that of a 
patient with an end-of-dose response with the same 
score; that of a random responder, twice (2.0) that 
of the latter. 


Table 6.—Survival* of Patients Given 
Selegiline After Levodopa 


Levodopa + 
Selegiline 


No. of patients 


Average follow-up 
per person, y 


No. of deaths 


Expected No. of deaths 
(US 1980 rates) 

Ratio: observed deaths / 
expected deaths 


* Survival from start of selegiline treatment to last 
follow-up for all patients regardiess of amount of time 
receiving selegiline. 


tors that influenced the chances of being 
taken off the selegiline regimen among all 
patients in the study. The expected number 
of deaths for the survival analysis was cal- 
culated using a program written for this 
purpose in FORTRAN, using US 1980 mor- 
tality rates of whites, specific for age and 
Sex. 


RESULTS 


Table 2 shows the status of patients 
at 6, 12, and 24 months after starting 
selegiline treatment as compared with 
their before-selegiline motor rating 
scores. The patients previously classi- 
fied as having end-of-dose deteriora- 
tion were different from those in the 
poor responder group or the group 
with random deterioration in their re- 
sponse to selegiline by 6, 12, and 24 
months from the start of the trial. Pa- 
tients with end-of-dose response to 
levodopa were more likely to show im- 
provement and their conditions were 
slower to deteriorate than were poor 
responders or patients with random 
deterioration. These differences were 
evident, although not statistically sig- 
nificant (P = .08), at 6 months after 
starting treatment with selegiline. 
They were highly significant after 12 
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months (P < .0001) and also after 24 
months (P < .001), by which time 
around half (58% ) of the patients with 
end-of-dose deterioration had gotten 
worse or deteriorated neurologically 
as compared with almost 90% of the 
other two groups. Correspondingly, 
about one third (30% ) of the patients 
with end-of-dose deterioration were 
still showing at least 25% improve- 
ment from their before-selegiline 
scores by 24 months of receiving the 
drug as compared with only 3% and 
7% of the poor responders and the pa- 
tients with random deterioration, re- 
spectively. 

Stopping of selegiline treatment 
among patients who were definitely 
worse (=>25% deterioration from their 
before-selegiline status) was one end 
point of this study that was specifi- 
cally analyzed. (As previously stated, 
though, there were patients who were 
“worse” but elected to continue taking 
the drug despite apparent ineffective- 
ness of the latter.) Table 3 shows the 
cumulative proportion of patients 
stopping selegiline treatment because 
of worsening neurologic status by 48 
months among 98 patients who were 
started on a regimen of selegiline be- 
fore 1984. The majority of patients 
with end-of-dose deterioration contin- 
ued taking selegiline for at least the 
first 24 months of the drug trial. By 36 
months, though, more than two thirds 
of these patients were considered ther- 
apeutic failures and the drug treat- 
ment was stopped. By 48 months, 82% 
of these same patients had “failed” 
with the drug, and only 9 patients were 
still receiving their initial selegiline 
with relatively unchanged or worsen- 
ing status. The poor responders and 
the random group had more than 50% 
failing with the drug as early as 6 
months on the trial, with an increasing 
cumulative percentage of failures at 12 
through 48 months. At 48 months, only 
two random responsders and three 
poor responders were still receiving 
their initial selegiline, and all had 
worsening status. 

Table 4 shows the factors that 
jointly influence the chances of being 
taken off the selegiline regimen. The 
reason for having been put on the sele- 
giline regimen initially was the major 
predictor of selegiline failure, with the 
poor responder’s and the random re- 
sponder’s risk of having selegiline 
treatment stopped equal to about 
twice that of a patient with end-of- 
dose deterioration. The initial motor 
disability score at the start of sele- 
giline treatment was also a significant 
variable. The risk of being taken off the 
selegiline regimen increases by a fac- 


tor of 1.019 for every unit increase in 
score. Age, duration of PD, or stage of 
PD at the start of selegiline treatment 
did not unduly influence the risk of 
having selegiline treatment stopped. 

Table 5 elaborates on the variables 
shown in the preceding table. The rel- 
ative risk of stopping selegiline treat- 
ment for a patient with end-of-dose 
deterioration with a score of 30 vs a 
patient with a score of 10 is 1.5. Ata 
score of 30, a random responder’s rel- 
ative risk of having selegiline treat- 
ment stopped is three times that of a 
patient with end-of-dose deterioration 
with the same score. 

Table 6 shows the survival data of 
patients given selegiline after 
levodopa. There were 34 deaths among 
200 patients given selegiline at any 
time. The expected number of deaths 
in the US 1980 census data (matched 
for sex and age group) is 21.4. The ra- 
tio of observed to expected deaths is 
1:6. The before-levodopa comparable 
figure of Hoehn and Yahr"* in 1967 was 
2.90. The after-levodopa figure of 
Yahr"’ in 1975 was 1.46. 


COMMENT 


Several early short-term and long- 
er-term open uncontrolled and double- 
blind studies'''*!*?6 have reported on 
the potential and limitations of sele- 
giline as an adjunctive agent to con- 
ventional levodopa therapy, especially 
in the reduction of end-of-dose akine- 
sia, and in the levodopa-sparing effect 
in a minority of patients. The data 
presented in this article demonstrate 
the limitation of selegiline as a long- 
term antiparkinsonian adjunct to con- 
ventional levodopa therapy. Selegiline 
does improve parkinsonism during the 
initial 6 months to 12 to 24 months of 
combined therapy in one third to al- 
most half of patients with an end- 
of-dose type of response to long-term 
levodopa therapy. However, even this 
particular class of patients is unable to 
maintain such an improvement by 36 
months, much less by 48 months from 
the start of trial. About one quarter of 
poor responders to levodopa and those 
with random deterioration show im- 
provement in their parkinsonian sta- 
tus in the first 6 months of the sele- 
giline trial, but their conditions dete- 
riorate quickly by 1 year. 

The dominant type of response to 
previous levodopa therapy (whether 
predictable deterioration at end of 
dose, unpredictably random deteriora- 
tion, or increasingly limited or poor 
global response) was one variable that 
significantly influenced the risk of the 
need to stop the drug treatment. The 
severity of the total disability score at 
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the initiation of the selegiline trial was 
the only other variable that was pre- 
dictive of risk of failure with the drug. 

There were, in fact, more patients 
“failing” with selegiline than even the 
data on the number of patients stop- 
ping the drug treatment would sug- 
gest. Patients who elected to continue 
receiving selegiline despite definitive 
worsening of their parkinsonian state 
may be as many as, or a fraction of, 
those who stopped the drug treatment 
at a particular time. No significant side 
effects were primarily attributable to 
selegiline. No significant reduction of 
the levodopa dose was possible in most 
cases, and, indeed, dose had to be 
increased in many instances after sele- 
giline had become ineffective and 
treatment with it was discontinued. 
Selegiline did not significantly de- 
crease the expected mortality rate be- 
yond that already known for patients 
receiving levodopa alone. 

We have been unable to confirm the 
dramatic therapeutic role of selegiline 
in the long-term management of PD as 
reported by Birkmayer et al! in a se- 
ries of articles. Our results with sele- 
giline are more in accordance with the 
later studies of Fischer and Baas”’ who 
studied 30 patients for 1 year and of 
Poewe et al who studied 28 patients 
for a mean observation period of 18.8 
months. Both groups reported im- 
provement in end-of-dose akinesia and 
loss of initiai benefit within an average 
of 12 months. 

The mechanism of action of sele- 
giline is not fully understood. How- 
ever, the rationale implicit in therapy 
with this drug was that MAO inhibi- 
tion in patients with PD results in a 
localized accumulation of dopamine 
formed from levodopa at dopaminergic 
sites in the striatum.'? Animal behav- 
ioral and biochemical studies have 
shown that MAO inhibitors do elevate 
brain dopamine levels and potentiate 
the pharmacologic action of dopamine 
formed from levodopa. Whether inhi- 
bition of brain MAO is the sole mech- 
anism by which selegiline may act as 
an anti-PD agent remains to be eluci- 
dated. In the only article to date on 
MAO activity and metabolism in 
brains of selegiline-treated patients 
with PD,” significant increases of 
dopamine were noted in the caudate 
nucleus, globus pallidus, putamen, and 
substantia nigra, without marked 
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change in 5-hydroxytripamine and 5- 
hydroxyindoleacetic acid in the same 
regions. These results suggest that 
whatever the therapeutic action of se- 
legiline is, it may, indeed, lie in its se- 
lective inhibition of type B MAO re- 
sulting in increased brain levels of 
dopamine from levodopa. 

Selegiline as an adjunctive agent to 
conventional levodopa therapy was not 
unduly impressive in our experience 
with regard to preventing progression 
of PD. Concurrent data on 22 de novo 
cases of the diseases” also showed that 
selegiline by itself neither prevented 
the emergence of new signs nor halted 
the progression of those previously 
present even in early, mild PD. 


This investigation was supported in part by 
grants from the National Institutes of Health, 
National Institute of Neurological Disorders and 
Stroke Program Project NS-11631, and Division 
of Research Resources RR-71, Bethesda, Md. 
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Coexisting Dementia and Depression 
in Parkinson’s Disease 


Mary Sano, PhD; Yaakov Stern, PhD; Janet Williams, DSW; 
Lucien Coté, MD; Ruth Rosenstein, MPh; Richard Mayeux, MD 


@ Dementia and depression in patients 
with Parkinson’s disease have been re- 
ported separately, but their prevalence is 
controversial. This study examines the 
coexistence of these two problems and 
suggests a common underlying biochemi- 
cal system. We examined these two enti- 
ties by retrospective chart review and 
cerebrospinal fluid biochemistry. We 
found a prevalence of 10.9% for dementia, 
51% for depression, and 5.4% for coinci- 
dent depression and dementia. In a pro- 
spective study of patients with Parkin- 
son’s disease we found a continuum of 
cerebrospinal fluid 5-hydroxyindoleacetic 
acid concentrations. Patients who were 
either depressed or demented had lower 
concentrations of this metabolite than 
other patients with Parkinson’s disease, 
but patients who were depressed and de- 
mented had the lowest levels. These re- 
sults suggest that the coexistence of de- 
mentia and depression represents a 
unique clinical entity in Parkinson’s dis- 
ease. The serotonergic system may be in- 
volved in depression and dementia be- 
cause evidence of a cumulative effect on 
this biochemical system is present. 

(Arch Neurol. 1989;46: 1284-1286) 


J )erression and dementia are the 
most common behavioral distur- 
bances in idiopathic Parkinson’s dis- 
ease (IPD) and each is associated with 
distinctively different biochemical 
mechanisms. Dementia has been asso- 
ciated with biologic and pathologic 
changes in the cholinergic systems. 
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Choline acetyltransferase activity is 
lower in demented patients with IPD 
with and without pathologic changes 
of Alzheimer’s disease (AD)! and anti- 
cholinergic agents precipitate acute 
confusional state in demented patients 
with Parkinson’s disease (PD).’ Corre- 
lations between the severity of demen- 
tia and the quantity of neurofibrillary 
tangles and senile plaques have been 
reported in PD, as have decreases in 
the cholinergic neurons in the basal 
forebrain.’ In addition, some authors 
have suggested that the serotonergic 
system is also affected in AD.° D’Am- 
ato et al’ reported a decrease in the 
number of serotonergic neurons in 
both patients with AD and patients 
with PD. 

Depression in IPD has been related 
to diminished serotonin, as assessed by 
decreased concentration of cerebrospi- 
nal fluid (CSF) 5-hydroxyindoleacetic 
acid (5-HIAA).*’ The administration 
of the serotonin precursor, 5-hydroxy- 
tryptophan, may alleviate depression 
in IPD.’ This study examined the pres- 
ence of coexisting depression and de- 
mentia in IPD, using retrospective 


chart review and biochemical studies 
of CSF. 


METHODS 
Retrospective Chart Review 


Subject Selection. —The medical records of 
every patient with parkinsonism in an ur- 
ban hospital seen on all services during an 
18-month period were reviewed. The popu- 
lation included private and clinic patients 
with 90% receiving annual follow-up. How- 
ever, only data from the first contact during 
the study period were included. This review 
yielded 339 consecutively encountered pa- 
tients with IPD (78% inpatient; 22% 
outpatient).’ The criteria for this diagnosis 
included the presence of at least two of the 
four motor manifestations of the disorder 
(tremor, shuffling gait, bradykinesia, mus- 


cular rigidity), with a history of insidious 
onset. Patients with evidence of other 
known causes of parkinsonism, including 
postencephalitic, drug-induced, stroke-re- 
lated, and progressive supranuclear palsy 
were excluded. Only patients with onset af- 
ter the age of 40 years were included to en- 
sure that patients had typical IPD. 

Data Extraction.—A systematic data col- 
lection form to extract clinical information 
from records was designed by us prior to the 
survey. The first encounter was used to es- 
timate the prevalence of dementia and de- 
pression and any follow-up entries were 
used to substantiate the initial impressions. 
Consensus on criteria for the diagnoses of 
depression and dementia was reached prior 
to the study, and interrater agreement was 
found to be high.‘ 

Diagnoses.— Research diagnostic criteria 
for primary degenerative dementia and the 
criteria for major depression were based on 
Diagnostic and Statistical Manual of Men- 
tal Disorders (DSM-III)? Dementia is sus- 
tained impairment in intellectual function- 
ing that was not considered drug related 
and without an alteration in consciousness. 
A written description of mental status was 
required and it had to include evidence of 
impairment in memory, orientation, and 
general knowledge. The details of this 
method are based on the findings of Rajput 
et al? with modifications that have been 
previously reported.‘ 

The presence of depression was assessed 
at the time of the study and excluded a his- 
tory of affective disorder. Depression is a 
sustained dysphoric mood characterized by 
feelings of sadness and associated with 
changes in appetite and sleep habits. Fleet- 
ing or slight mood changes were excluded. 

Results.— Using the criteria described, we 
found that 37 patients (10.9%) were de- 
mented and 172 (51% ) were depressed. Sev- 
enteen patients (5.4% ) had depression and 
dementia (Table 1). The demented patients 
and those with dementia and depression 
were significantly older and had later onset 
of PD symptoms than the other patients. In 
addition this group had higher scores on the 
PD Rating Scale, suggesting more severe 
disease. The rate of dementia is signifi- 
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Not Depressed, 
Not Demented 
(n = 177) 
67.02 + 9.0(a)+ 
0.05 + 7.1 



















Duration, y 


Years of levodopa 
treatment 


Age of onset,t y 


Symptom 
severityt 


5.58 + 4.5 
59.37 + 9.8(a) 















26.18 + 17.3(a) 
*Values are means + SDs. 


Table 1.—Description of Groups in the Chart Review Study (N = 339)* 


Demented 
(n = 17) 


76.29 + 6.9(b)+ 
9.06 + 7.2 


5.97 + 4.8 
67.32 + 10.3(b) 


50.39 + 17.7(b) 





Depressed and 
Demented 
(n = 12) 
74.53 + 8.1(b) 
8.27 + 4,4 






Depressed 
(n = 133) 
66.84 + 8.8(a) 
7.89 + 4.5 



























6.35 + 4.4 
59.08 + 9.6(a) 


4.42 + 3.6 
66.33 + 9.7(b) 















37.91 + 17.0(a) 60.25 + 22.1(b) 








tP < .001 for analyses of variance comparing all group means for each variable. 
Means and SDs with the same letters (a,b) do not differ significantly in post hoc analyses. 


Table 2.—Demographic Variables and Cerebrospinal Fluid Biogenic Amine Metabolites 
in Patients With Parkinson’s Disease (n = 110)* 


Not Depressed 
or Demented 
(n = 46) 
63.4 + 9.3(bc) 
Education, y 12.8 + 3.7 
Duration, y 
mMMS score 
HVA, ng/mL 
MHPG, ng/mL 
5-HIAA, ng/mL 


50.2 + 6.5(a) 
45.2 + 40.7 
11.4 + 6.9 
20.9 + 7.9(a) 





Demented 
(n = 31) 
72.4 + 7.4(a) 


34.9 + 10.2(b) 
40.6 + 27.4 





15.8 + 6.3(ab) 


Depressed and 

Demented 

(n = 6) 

69.6 + 12.8t(ab) 
14.0 + 2.5 
10.9 + 13.1 
35.4 + 8.74#(b) 
31.2 + 18.8 


Depressed 
(n = 27) 
62.7 + 8.0(c) 


50.7 + 4.6(a) 








15.9 + 6.1(ab) 12.4 + 4.84(b) 


*Values are means + SDs. Means and SDs with the same letters (a, b, c) do not differ significantly in post 
hoc analysis. mMMS indicates modified Mini-Mental State Exam; HVA, homovanillic acid; MHPG, 3-methoxyl- 
4-hydroxy-phenylglycol; and 5-HIAA, 5-hydroxyindoleacetic acid. 

tP < .001 for analyses of variance (ANOVAs) comparing all group means for each variable. 

+P < .05 for ANOVAs comparing all group means for each variable. 


cantly higher than would be predicted; it is 
3.8 times greater than expected when com- 
pared with a population study that used 
volunteers older than 60 years.” 


Prospective Inpatient Studies 


Subjects.—Over 5 years, 115 patients with 
IPD encountered within the hospital or 
outpatient services and giving informed 
consent prior to hospital admission were 
included. They participated in one of two 
inpatient research protocols. In the initial 
protocol, patients were taken off all treat- 
ment with dopamine agonist medications 
before completing the psychiatric, neu- 
ropsychologic, and CSF measures.’ In a 
later protocol there was no medication 
withdrawal and all procedures were com- 
pleted while patients were receiving opti- 
mal doses of levodopa (L-dopa) or a com- 
bination of carbidopa and levodopa 
(Sinemet). Since the groups were compa- 
rable, they were combined for this report. 

For comparison purposes, a group of pa- 
tients (N = 25) who met National Institute 
of Neurological Communicative Disorders 
and Stroke-Alzheimer’s Disease and Re- 
lated Disorders Association criteria for 
probable AD were included. These patients 
were only mildly impaired and were not re- 
ceiving medication at the time of the study. 
They were free of affective complaints and 
participated in the neuropsychologic and 
CSF studies described below. 

Procedures.— Psychiatric Diagnosis.— 
The Structured Clinical Interview was com- 
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pleted with each patient by a trained psy- 
chiatric interviewer. A diagnosis was de- 
rived according to DSM-III criteria.’ When 
needed, a family member was also inter- 
viewed to provide additional information. 
The Hamilton Rating Seale of Depression 
was also administered. 

Neuropsychologie Studies.—Each pa- 
tient received a battery of neuropsychologic 
tests measuring memory, attention, lan- 
guage, constructional ability, and general 
cognition. These studies were used to con- 
firm the diagnosis of dementia according to 
DSM-III criteria. 

CSF Studies.—A lumbar puncture for 
CSF was performed after 18 hours of 
bed rest. Cerebrospinal fluid, 20 mL, was 
removed and the metabolites of dopa- 
mine (homovanillic acid), serotonin (5- 
HIAA), and norepinephrine 3-methoxyl- 
4-hydroxy-phenylglycol (MHPG) were 
measured using high-performance liquid 
chromatography with electrochemical 
detection.” 


RESULTS 


Four groups of patients with IPD 
were identified: demented (n = 31), de- 
pressed (n = 27), both demented and 
depressed (n=6), or unaffected 
(n = 46) (Table 2). As in the chart re- 
view study, the demented patients 
were significantly older than the non- 
demented patients. However, those 
who were depressed and demented 






Table 3.—Comparison of 
Demographic Data and Cerebrospinal 
Fluid Biogenic Amine Metabolites in 
Patients With Parkinson’s Disease 
and Alzheimer’s Disease (n = 135)* 







Alzheimer’s Parkinson’s 
Disease Disease 
(n = 25) (n = 110) 
Age, y 68.1 + 9.3 66.1+ 9.5 
mMMS score 39.6 + 9.9 45.5 + 10.2 
MHPG, ng/mL 4.23 + 2.9 3.82 + 2.7 
HVA, ng/mL 49.06 + 47.5 44.0 + 36.9 
5-HIAA, ng/mL 28.5 + 20.4 17.7 + 7.4 


* Values are means + SDs. See Table 2 asterisk 
footnote for explanation of abbreviations. 
























were not older than the other groups. 
There were no other significant age 
differences among groups. The de- 
mented and the demented and de- 
pressed groups had significantly lower 
modified Mini-Mental State Examina- 
tion scores. 

Patients with depression and de- 
mentia had significantly lower CSF 5- 
HIAA levels than the unaffected group 
with PD (Table 2). Patients who were 
(only) depressed or (only) demented 
had CSF 5-HIAA levels that were 
lower than the unaffected group with 
PD and higher than the demented and 
depressed group. However, these dif- 
ferences were not significant. There 
was no significant difference among 
the groups in homovanillic acid or 
MHPG. ; 

Although demented patients were 
significantly older, age did not account 
for the reduction in CSF 5-HIAA val- 
ues; the correlation between age and 
CSF 5-HIAA was not significant (7 = 
~,037); 

Table 3 summarizes comparisons be- 
tween patients with AD and IPD. The 
groups did not differ in age. The group 
with AD had significantly higher lev- 
els of CSF 5-HIAA than the patients 
with IPD, a finding we have reported 
previously.’ Performance on the mod- 
ified Mini-Mental State Examination, 
a brief test of mental status, did not 
differ in these two patient groups, 
which is expected since the group with 
IPD includes demented patients. 


COMMENT 


The present studies suggest that de- 
pression and dementia in IPD may 
have a common biologic mechanism. 
The demented and depressed patients 
had significantly lower levels of the 
serotonin metabolite, a finding that 
has been reported in depressed pa- 
tients with PD by us*’ and by others.” 
It is unlikely that the association be- 
tween dementia and the serotonergic 
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system is an artifact of the pseudode- 
mentia of affective illnesses since 
lowered 5-HIAA levels were also 
present in demented patients who 
were not depressed. Patients with de- 
pression and dementia had lower lev- 
els of the serotonergic metabolite than 
those patients with either entity alone. 
Although this difference was not sig- 
nificant, it may suggest an additive ef- 
fect of the two phenomena. 

Much overlap exists between demen- 
tia in PD and AD. Neurofibrillary 
plaques and tangles, the hallmark of 
AD, have been identified in patients 
with PD.' There are also biochemical 
similarities between PD and AD. Lev- 
els of CSF 5-HIAA can be reduced in 
patients with AD,‘ although we found 
that the CSF 5-HIAA levels in patients 
with AD were not as low as in patients 
with PD. 

In the chart review, prevalence of 
dementia was significantly higher 
than reported in an age-matched com- 
parison group. Dementia was associ- 
ated with patients with more severe 
parkinsonism and older age of onset 
than nondemented patients with PD. 
Depression in PD was frequent in the 
retrospective and the prospective 
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studies, although the actual preva- 
lence differed. Sampling and assess- 
ment techniques may account for 
much of this variation, with a diagno- 
sis based on the presence of symptoms 
of depression in the chart review yield- 
ing higher prevalence than diagnoses 
made by direct interview. The de- 
pressed patients did not differ in age 
and severity from the unaffected pa- 
tients with PD. However, the de- 
pressed group was younger than the 
group with depression and dementia. 
Perhaps depression is an early compli- 
cation of PD. One might speculate that 
the occurrence of depression in PD 
would increase the probability for de- 
mentia later. 

The coexistence of depression and 
dementia has been examined in other 
populations. Kay et al" found no asso- 
ciation between the diagnosis of de- 
pression and dementia in a sample of 
community dwelling elderly. Others 
have suggested that depression may be 
an antecedent to dementia. In a clinic- 
based population, referred for cogni- 
tive problems, more than half of the 
patients initially diagnosed as being 
depressed and not demented were 
found to be demented at 3-year follow- 
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up assessment. Age was the only vari- 
able that was associated with the de- 
mented group, making it difficult to 
determine the true impact of 
depression. While the involvement of 
a common biochemical system sug- 
gests an association between these en- 
tities, only a prospective study can de- 
termine if depression increases the 
risk of dementia in PD. 

In summary, the finding of lowered 
serotonin metabolite levels in both de- 
pressed and demented patients sug- 
gests a common biochemical mecha- 
nism for both of these behavioral man- 
ifestations of PD. Coexisting dementia 
and depression in PD may result from 
a widespread degeneration of dopam- 
inergic, serotonergic, and presumably 
cholinergic neurons. 
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Neuropsychological Differences Between the 
Dementias of Alzheimer’s and Parkinson’s Diseases 


Steven J. Huber, PhD; Edwin C. Shuttleworth, MD; Donald L. Freidenberg, DO 


è The question of whether dementia of 
the Alzheimer type and dementia associ- 
ated with Parkinson’s disease are clini- 
cally separable is controversial. We exam- 
ined possible neuropsychological differ- 
ences in these two patient groups 
matched for overall severity of dementia. 
Patients with dementia of the Alzheimer 
type had more severe impairment on mea- 
surements of memory, language, and ori- 
entation, and, unlike patients with Parkin- 
son’s disease, there was evidence of 
apraxia. Patients with Parkinson’s disease 
had more severe impairment related to 
speed of information processing, and, un- 
like patients with dementia of the Alz- 
heimer type, they also had disturbance of 
mood. The nature of visuospatial abnor- 
malities also differentiated the two 
groups. The pattern of neuropsychologi- 
cal differences is consistent with the cor- 
tical-subcortical hypothesis. 

(Arch Neurol. 1989;46:1287-1291) 


he clinical features that character- 

ize dementia associated with the 
more common neurologic diseases may 
vary systematically. One popular hy- 
pothesis used to describe these differ- 
ences is the distinction between corti- 
cal and subcortical dementias.'* Corti- 
cal dementias occur in diseases with 
predominant degeneration in neocor- 
tical association areas with relative 
sparing of subcortical structures, and 
dementia of the Alzheimer type (DAT) 
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is the most common example. Subcor- 
tical dementias have pathologic alter- 
ations mostly confined to deep struc- 
tures such as the basal ganglia, thala- 
mus, and brain stem, with relative 
sparing of the cerebral cortex. The 
most thoroughly investigated subcor- 
tical disorders include progressive su- 
pranuclear palsy, Huntington’s dis- 
ease, and Parkinson’s disease (PD). 
Subcortical and cortical dementias 
are assumed to be distinguishable by 
quantitative and qualitative clinical 
differences. Both types of dementia 
syndromes are characterized by dis- 
turbances of memory, visuospatial 
skills, and cognition, but these impair- 
ments may be more severe in patients 
with acortical dementia. Patients with 
subcortical syndromes may have 
greater impairment related to speed of 
information processing and are more 
likely to have disturbance of mood, in- 
cluding depression and apathy. Quali- 
tatively, subcortical dementias lack 
the symptoms of aphasia, agnosia, or 
apraxia, which are typical of patients 
with cortical dysfunction. 
Nevertheless, the separability of 
these two syndromes continues to be 
challenged, and proposed clinical dif- 
ferences between dementia in PD and 
DAT are at the forefront of this con- 
troversy. One problem is that there 
may also be pathologic overlap be- 
tween these disorders. Some studies 
have found neurofibrillary tangles and 
neuritic plaques in demented patients 
with PD,’* while others have found ni- 
gral degenerative changes, including 
Lewy bodies in significant numbers of 
brains with DAT.” Furthermore, 
basal forebrain abnormalities are seen 


in patients with DAT" as well as in 
demented patients with PD,” thus also 
blurring the anatomic distinction be- 
tween cortical and subcortical demen- 
tias. Even though the distinction prob- 
ably cannot be maintained on the basis 
of strict pathologic or anatomic differ- 
entiation, several researchers have 
continued to support the clinical use- 
fulness of this approach. Others, in- 
cluding Whitehouse,’ have argued 
that even the clinical distinction re- 
mains tenuous due to inconsistent 
findings in studies that utilized objec- 
tive neuropsychological procedures. 

Neuropsychological comparisons of 
dementia in PD and DAT may be 
inconsistent due to inaccurate diagno- 
sis, differences in methodology related 
to neuropsychological evaluation, fail- 
ing to match patients for severity of 
intellectual disturbance, or differences 
inherent in the application of various 
definitions of dementia. 

Two studies'** found systematic dif- 
ferences between patients with PD and 
patients with DAT using objective 
neuropsychological procedures chosen 
to parallel the numerous clinical de- 
scriptions. Failure to equate the two 
patient groups for severity of demen- 
tia before comparison of qualitative 
neuropsychological differences, how- 
ever, makes these findings difficult to 
interpret. Mayeux et al“ did equate the 
two patient groups for severity of de- 
mentia and found no systematic pat- 
tern of cognitive differences. However, 
the neuropsychological testing used 
was not specifically designed to assess 
qualitative differences among demen- 
tia syndromes. Pillon et al” equated 
patients for severity of overall intel- 
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lectual disturbance and compared the 
two patient groups on a rather exten- 
sive neuropsychological battery re- 
lated to many of the proposed clinical 
differences. Results indicated numer- 
ous neuropsychological differences. 
One potential problem with this study, 
however, was the failure to define cri- 
teria for dementia clearly. This may be 
especially problematic in patients with 
PD. '*!8 

In our article, we used objective cri- 
teria to establish the presence of de- 
mentia in the DAT and PD patient 
groups, we equated them for overall 
severity of dementia, and we examined 
for possible quantitative and qualita- 
tive differences using objective neu- 
ropsychological procedures designed 
to evaluate some of the proposed clin- 
ical differences. 


SUBJECTS AND METHODS 
Subjects 


Fourteen patients with DAT, 26 with PD 
and dementia, and 39 healthy controls 
(spouses of the patients) participated in the 
study. Patients with DAT had a mean 
(+SD) age of 709+2.8 years and 
13.1 + 0.7 average years of formal educa- 
tion. Patients with PD had a mean age of 
70.6 + 1.3 years and 14.2 + 0.6 years of 
formal education. Healthy controls had a 
mean age of 64.8 + 1.2 years and 13.9 + 0.4 
years of formal education. 

Diagnosis of DAT was made according to 
current research criteria based on a 
complete history, standard clinical 
assessment,”'” and appropriate laboratory 
evaluation, including computed tomogra- 
phy and electroencephalography. The mod- 
ified Hachinski Ischemic Score” was also 
used to aid in excluding patients with de- 
mentia due to vascular disease. Eight pa- 
tients with DAT were not receiving any 
medications considered to alter mental 
function. Three patients were receiving 
neuroleptics, including thioridazine (25 and 
150 mg/d) or haloperidol (1.5 mg/d), two 
were receiving antidepressants (trazodone 
hydrochloride, 150 mg/d, or maprotiline 
hydrochloride, 25 mg/d), and one was re- 
ceiving a benzodiazepine (lorazepam, 0.5 
mg/d). 

Patients with PD were obtained from the 
Movement Disorders Clinic of The Ohio 
State University, Columbus. These patients 
met criteria for dementia defined in a later 
section. All patients were stabilized on an- 
tiparkinsonian medication (levodopa-car- 
bidopa) at the time of study, and patients 
were examined when this medication was at 
peak efficacy. The average daily dose of 
levodopa was 576 mg, with a range of 300 to 
1000 mg. Seven patients were in addition 
receiving bromocriptine mesylate, with an 
average daily dose of 8.2 mg, with a range 
of 5 to 10 mg. Patients receiving anticholin- 
ergics (eg, trihexyphenidyl hydrochloride) 
were excluded due to possible influence of 
these drugs on mentation.**** None of the 
patients had a history of stroke or had un- 
dergone thalamotomy. 
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Spouses of the patients served as healthy 
controls. None of the controls had a history 
of alcoholism or neurologic disease. All 
participants gave informed consent before 
examination. 


Neuropsychological Procedures 


Mini-Mental State Examination 
(MMSE)—This examination is a brief eval- 
uation of mental functioning,” which cor- 
relates well with more extensive assess- 
ments of intellectual performance such as 
the Wechsler Adult Intelligence Scale 
(WAIS).° Subtests include orientation, reg- 
istration, calculation, memory, and lan- 
guage. This measurement has a maximum 
score of 30. The MMSE was used primarily 
to equate the two patient groups for de- 
mentia severity. 

Cognition.—Assessment of cognition in- 
cluded the calculation subtests of the 
MMSE. The serial 7s task and spelling the 
word “world” backwards were used, and the 
average score on both tests was recorded. 
The appreciation of similarities and differ- 
ences listed in Cummings and Benson?” 
and Strub and Black”**!) was also used as 
part of the assessment of cognitive skills. 

Memory.—Auditory verbal immediate 
memory was assessed by the digit-span 
procedure.” Subjects were asked to repeat 
sets of numbers increasing in length in the 
same order in which they were presented. 
Auditory verbal recent memory was as- 
sessed using the  paired-associates 
technique,” in which a list of 10 word pairs 
(6 related and 4 unrelated) is read to the 
subject, and the task is to provide the 
appropriate second item when given the 
first fine item. The procedure, developed by 
Peterson and Peterson,” was also used as a 
measurement of recent memory. In this 
procedure, three consonant letters are pre- 
sented and immediately followed by a dis- 
tractor task that involves counting back- 
wards from 100 by 3s. The distractor task 
lasts 10 seconds and is intended to prevent 
rehearsal of the to-be-remembered items 
before recall. Remote memory, defined as 
retrieval of information acquired before 
onset of disease, was evaluated by the stan- 
dardized procedure developed by Albert 
and associates.” 

Word List Generation.—Speed of informa- 
tion processing was examined in part by the 
verbal fluency procedure.” Verbal fluency 
was tested by asking the patient to gener- 
ate in 60 seconds as many words as possible 
that begin with S and then P. Significant 
impairment on this test may indicate ab- 
normal or slowed phonemic retrieval from 
long-term lexical memory,™ an inability to 
sustain behavior,» or both. 

Language.— Auditory verbal comprehen- 
sion was assessed by the commands and 
comprehension subtests of the Western 
Aphasia Battery. Vocabulary was as- 
sessed by asking the subjects to point to one 
of four outline drawings of common objects 
named by the experimenter. Ten trials were 
used. Confrontation naming was examined 
by asking the subject to name outline draw- 
ings of common objects. Twenty trials were 
used. Significant impairment on the latter 
test suggests the presence of visual agnosia, 
anomia, or both. 


Visuospatial Skills.—Reasoning or ab- 
stracting ability using visuospatial data 
was examined by Raven’s progressive ma- 
trices task.” Subjects were presented with 
a systematic visual array containing a 
blank area with six alternatives presented 
below, of which only one completes the pat- 
tern. The 12 trials from the uncolored series 
of part A were used. Visuomotor or con- 
structional skills were assessed by the block 
design task of the WAIS.” No time limit 
was imposed on this task. 

Mood.—Severity of depressive symptoms 
was quantified using the Beck Depression 
Scale.” This is a self-rating scale in which 
subjects evaluate 21 symptoms related to 
depression on a scale of 0 to 3. The experi- 
menter, family members, or both clarified 
any questions for the patients. An abbrevi- 
ated form was also used to reduce the pos- 
sibility of interpretive error due to over- 
lapping depressive and somatic symptoms 
in the patients with PD. On this scale, six 
questions were eliminated, including those 
related to future outlook, general appear- 
ance, ability to work, disturbances of sleep 
and sex drive, and concern about general 
health. 

Apraxia.—Subjects were asked to panto- 
mime five common motor sequences, such 
as threading a needle.” Inability to perform 
these actions on command was considered 
indicative of ideomotor apraxia in those 
patients who were able to understand the 
commands; no patients had significant 
weakness, ataxia, or sensory impairment. 


Determination of Dementia 


The presence of dementia was deter- 
mined according to research criteria de- 
fined by Cummings and Benson.” Accord- 
ing to these authors, dementia is an ac- 
quired and persistent deterioration of the 
intellect in an alert patient, with signifi- 
cant impairment in three or more of the 
following areas: memory, language, visuo- 
spatial skills, mood or personality, and cog- 
nition. Significant impairment was defined 
as a score on any of the neuropsychological 
procedures in the previously described cat- 
egories that was 2 SDs or more below mean 
control performance. If a patient had sig- 
nificant impairment on any of the proce- 
dures in three or more of these categories 
and the history indicated that the decline 
was an acquired process and had existed 6 
months or more, the criteria for dementia 
were met. 


RESULTS 
The MMSE scores indicated that 
patients with DAT (mean = 


14.3 + 1.7) were more severely im- 
paired compared with patients with 
PD and dementia (mean = 22.8 + 0.7), 
t (38) = 5.4, P< .0001. The range of 
MMSE scores for the patients with 
DAT was 5 to 23, and the range for pa- 
tients with PD was 11 to 27. To match 
the two patient groups for overall se- 
verity of dementia, we selected pa- 
tients with DAT whose scores were 
above the lowest score in the PD group 
and patients with PD whose scores 


Dementia—Huber et al 


were at or lower than the highest score 
for those with DAT. The MMSE scores 
for the 10 patients with PD selected on 
this basis (mean = 19.7 + 1.3) and the 
9 patients with DAT (mean= 
17.1 + 1.5) were not significantly dif- 
ferent (t [17] = 1.4). 

Performances on all neuropsycho- 
logical measures for the two patient 
groups and healthy controls are listed 
in the Table. All measurements were 
analyzed by one-way analysis of vari- 
ance and post hoc comparisons (Neu- 
man-Keuls) where appropriate. Sta- 
tistical significance was defined as a P 
value of .05 or less. 

The two measurements of cognition, 
including the calculation subtest of the 
MMSE (F [2,55] = 77.3, P < .0001) and 
judgment of similarities and differ- 
ences (F [2,55] = 19.1, P < .0001), re- 
sulted in significant differences among 
the three groups. Posthoc comparisons 
revealed significant impairment on 
these measurements for both patient 
groups compared with controls, and 
the extent of the impairment was sim- 
ilar in the two patient groups. 

Impairment of memory was both 
more generalized and of greater sever- 
ity in patients with DAT. Immediate 
memory, as measured by the digit- 
span task, resulted in a significant dif- 
ference among groups (F [2,55] = 3.7, 
P < .03). Post hoe comparisons indi- 
cated that there was no significant dif- 
ference between controls and patients 
with PD, but patients with DAT had 
significantly lower scores compared 
with the other two groups. The pattern 
of performance on measurements of 
recent memory was similar in the two 
patient groups. There were significant 
differences among the groups for 
paired-associates (total) (F [2,55] = 
55.7, P < .0001), the easy items (F 
[2,55] = 48.7, P < .0001), and the hard 
items (F [2,55] = 39.1, P < .0001). Per- 
formance on the Peterson and Peter- 
son task also produced significant dif- 
ferences among the groups (F 
[2,55] = 82.4, P < .0001). Post hoe com- 
parisons indicated that both patient 
groups were impaired relative to con- 
trols and the extent of the impairment 
was similar between the two patient 
groups. Finally, there was a signifi- 
cant difference among the groups for 
remote memory (F [2,55] = 25.6, 
P < .0001). Both patient groups were 
impaired when compared with con- 
trols, but the extent of the impairment 
was more severe in patients with DAT. 

In terms of language-related tasks, 
neither the comprehension (F 
[2,55] = 2.9) nor commands (F 
[2,55] = 2.2) subtests of the Western 
Aphasia Battery resulted in a signifi- 
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Controls 


Measurements (n = 39) 


MMSE 


Cognition 
Calculation (MMSE) 
Similarities 


28.2 (0.2) > 









4.5 (0.1) 








Memory 
Digit-span 6.7 (0.2) > 
Distractor task 19.2 (0.9) > 
Paired-associates 14.6 (0.5) > 
Related 8.5 (0.1) > 
Unrelated 6.1 (2.7) > 
Remote memory 25.0 (1.4) > 


Word list generation 
Verbal fluency 


Language 


13.6 (0.6) 


Vocabulary 9.9 (0.03) > 
Naming 19.2 (0.1) > 
Comprehension 5.0 (0.0) 
Commands 5.0 (0.0) 










Visuospatial skills 
Raven's matrices 


Block design 


Mood 
Beck scale 


Abbreviated 
Apraxia 


10.6 (0.2) 
5.9 (0.04) 






4.8 (0.8) 






Performance on Neuropsychological Measurements * 
DAT PD 


(n = 9) 


Age, y 64.8 (1.2) 67.0 (3.5) 70.4 (2.0) 2.1, NS 
Education, y 13.9 (0.4) 14.0 (0.7) 14.3 (0.9) 0.1, NS 


17.1 (1.5) - 










9.4 (0.3) = 9.0 (0.3) 13.1, <.0001 
15.8 (1.0) < 17.8 (0.7) 15.3, <.0001 
4.9 (0.1) 5.0 (0.0) 2.9, NS 
4.7 (0.2) 4.6 (0.4) 2.1, NS 














(n = 10) F, P 






19.7 (1.3) 86.7, <.0001 









<.0001 
<.0001 


1.3 (0.5) 0.7 (0.2) 


3.1 (0.7) 















5.6 (0.7) < 6.9 (0.2) 3.7, <.03 

1.7 (1.3) = 0.8 (0.4) 82.4, <.0001 
5.3 (0.5) = 6.8 (0.7) 55.7, <.0001 
5.2 (0.5) = 5.9 (0.5) 43.8, <.0001 
0.1 (0.1) = 0.9 (0.3) 39.1, <.0001 
3.7 (1.3) < 13.8 (3.2) 25.6, <.0001 






7.4 (1.8) 4.3 (0.9) 





























<.0001 
<.000 1 


8.2 (0.6) 








<.0001 
<.0001 


3.9 (1.6) 14.4 (1.5) 












4.7 (0.2) 4.9, 


* Of healthy controls, patients with dementia of the Alzheimer type (DAT), and patients with Parkinson's dis- 
ease (PD) and dementia. Data are expressed as mean (SEM). The pattern of post hoc comparisons is indicated 
=, <, >) where appropriate. MMSE indicates Mini-Mental State Examination. 


cant difference among the three 
groups. Performance on the confron- 
tation naming task, however, did pro- 
duce a significant difference among the 
groups (F [2,55] = 15.3, P< .0001). 
Post hoc comparisons indicated a sig- 
nificant impairment for both patient 
groups, but the extent of the impair- 
ment was significantly greater in the 
patients with DAT. Just the reverse 
pattern was seen for verbal fluency. 
There was an overall difference among 
groups (F [2,55] = 26.4, P < .0001), and 
the extent of impairment was more 
severe in patients with PD compared 
with those with DAT. 

There was also a different pattern of 
impairment between the two patient 
groups on visuospatial tasks. Perfor- 
mance on Raven’s progressive matri- 
ces, a measurement of reasoning uti- 
lizing visuospatial data, resulted in an 
overall difference among the groups (F 
[2,55] = 32.9, P < .0001). Both patient 
groups were impaired relative to con- 
trols, but the extent of the impairment 
was more severe for patients with PD 
than for those with DAT. The block 
design subtest of the WAIS, a mea- 
surement of visuospatial construc- 
tional ability, also produced a signifi- 
cant difference among groups (F 


[2,55] = 50.6, P < .0001). Unlike perfor- 
mance on Raven’s progressive matri- 
ces, the pattern of post hoc compari- 
sons indicated more severe impair- 
ment in patients with DAT compared 
with patients with PD. 

There was a significant difference 
among the three groups for severity of 
depressive symptoms as measured 
both by the complete (F [2,55] = 17.9, 
P < .0001) and the abbreviated form 
of the Beck scale (F [2,55] = 11.2, P < 
.0001). On both scales, post hoc com- 
parisons indicated no difference be- 
tween patients with DAT and controls, 
but patients with PD had more severe 
depressive symptoms compared with 
the other two groups. 

Two other measurements resulted in 
differences between the PD and DAT 
patient groups. There was a significant 
difference among the three groups on 
the orientation subtest of the MMSE 
(F [2,55] = 38.7, P < .0001). Orienta- 
tion deficits were seen in both patient 
groups but significantly more so in the 
patients with DAT. Finally, there was 
an overall difference in the measure- 
ment of apraxia (F [2,55] = 4.9, P < 
.01). Patients with DAT were impaired 
compared with controls, but the pa- 
tients with PD were not. 
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COMMENT 


The primary finding of our study 
was that when matched for severity, 
the characteristics of the dementia in 
patients with PD and patients with 
DAT differed qualitatively and quan- 
titatively. Immediate memory im- 
pairment was present only in patients 
with DAT, whereas recent memory 
was equally impaired in both groups, 
and remote memory disturbance was 
more severe in patients with DAT 
compared with those with PD. In 
terms of visuospatial skills, patients 
with DAT had significantly greater 
impairment of constructional ability 
(block design) compared with patients 
with PD, but just the reverse pattern 
occurred when reasoning ability uti- 
lizing visuospatial material was as- 
sessed (Raven’s matrices). Unlike pa- 
tients with PD, patients with DAT 
showed evidence of apraxia, and they 
also had significantly greater impair- 
ment of orientation and confrontation 
naming. On the other hand, patients 
with PD had significantly greater im- 
pairment of verbal fluency, which in 
part measures speed of retrieval from 
verbal memory. Unlike patients with 
DAT, they also had significant depres- 
sive symptoms. Measurements of cog- 
nition, including evaluation of similar- 
ities and differences and calculating 
ability, were equally impaired in both 
groups. This pattern of findings is con- 
sistent with the cortical-subcortical 
dementia hypothesis. 

Previous studies have led to contin- 
uous refinement of methodology in the 
study of qualitative differences among 
dementing disorders. Three primary 
methodologic requirements have been 
identified, which include the use of 
standardized criteria to define the 
presence of dementia, matching pa- 
tients for overall severity of the de- 
mentia before comparison, and the use 
of appropriate neuropsychological 
procedures to examine possible clinical 
differences. 

Standardization of criteria to define 
dementia is an essential step toward 
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facilitating communication among re- 
searchers in this area. Two sets of cri- 
teria to define dementia are most often 
used. One set is described in the third 
edition of the Diagnostic and Statisti- 
cal Manual of Mental Disorders 
(DSM-IIT).* These criteria can be uti- 
lized in a straightforward manner in 
patients with DAT, since significant 
impairment of social or occupational 
function most likely is a direct reflec- 
tion of the degree of intellectual dys- 
function. This determination, how- 
ever, is not so straightforward in 
patients with PD or other extra- 
pyramidal diseases, since social or oc- 
cupational impairments may be 
caused by intellectual dysfunction, a 
movement disorder, or both.'*'* Crite- 
ria defined by Cummings and Benson” 
minimize this problem. As with DSM- 
III criteria, there must be multiple 
impairments of intellect, but require- 
ments that depend on subjective judg- 
ment of social or occupational dysfunc- 
tion are lacking. The ascertainment of 
intellectual impairment can be met in 
either case by use of objective neu- 
ropsychological procedures and statis- 
tical comparison with appropriate 
controls. Because Cummings and Ben- 
son’s definition has general applica- 
tion to various dementing disorders 
and can be utilized in a more objective 
fashion, we believe that this procedure 
should be adopted for use in compara- 
tive studies of dementing disorders. 

In our study, dementia severity was 
assessed by total score on the MMSE.” 
The MMSE was also used for this pur- 
pose in previous studies.'*!’*!? This is 
an important part of the methodology, 
because evidence of qualitative and 
especially quantitative differences is 
only of interest when overall dementia 
severity is controlled. The primary ad- 
vantage of using the MMSE for this 
purpose is that the procedure is simple 
and objective and will, thus, tend to 
make studies more comparable. 

Some commonly used neuropsycho- 
logical procedures such as the WAIS 
and MMSE are, however, of limited 
usefulness in examining for potential 
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Brain White-Matter Changes 
in the Elderly Prone to Falling 


Joseph C. Masdeu, MD; Leslie Wolfson, MD; George Lantos, MD; Jonathan N. Tobin, PhD; Ellen Grober, PhD; 
Robert Whipple, MA; Paula Amerman, RN, MSN 


è Falls and impaired gait are a major 
source of morbidity in the elderly. Why 
some elderly become prone to falling is 
often unclear. We analyzed the gait, equi- 
librium, and brain computed tomography 
results of 40 elderly subjects without evi- 
dence of neurologic disease known to be 
associated with falls. Twenty of these 
subjects were prone to falling and the re- 
maining 20 were nonfalling controls. 
These two groups were comparable in 
terms of age and sex (mean age, 83.3 
years [SE, 1.7 years]). The group of fallers 
had significantly worse gait and equilib- 
rium scores and a greater degree of white- 
matter hypodensity on computed tomog- 
raphy. White-matter hypodensity corre- 
lated with impaired gait and equilibrium 
scores but not with impaired performance 
on cognitive testing. This study reveals the 
association of white-matter disease with 
gait and balance impairment leading to 
falls in the elderly. 

(Arch Neurol. 1989;46: 1292-1296) 


Among the elderly, falls are the lead- 

ing source of injury-related 
death.' In the United States, about 
9500 deaths among people aged 65 
years or older are attributed each year 
to a falling episode. This number 
would probably be larger if cases in 
which a fall initiated a chain of events 
culminating in death were taken into 
account.' Falling is also a major cause 
of morbidity in the elderly. Eighty- 
four percent of the approximately 
200 000 hip fractures occurring yearly 
affect people older than 65 years. Most 
of these cases are related to a fall. Hip 
fracture is the most common injury 
leading to hospitalization.? The study 
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by Newman et al’ of normal aging es- 
timated that gait disturbances affect 
15% of the elderly and are the main 
manifestation of significant neur- 
ologic impairment.’ In some cases, the 
antecedents of falling are readily iden- 
tifiable, such as orthostatic hypoten- 
sion, cardiac arrhythmias, or impaired 
gait from orthopedic or neurologic dis- 
ability. In the majority of individuals, 
however, the causes of falling are not 
apparent.* 

Despite the magnitude of the prob- 
lem and the recent advances in brain 
imaging, few studies have addressed 
the potential contribution of computed 
tomography (CT) or magnetic reso- 
nance imaging (MRI) to identifying 
brain pathology that might be respon- 
sible for gait and balance impairment 
of the elderly. A tendency for the group 
of gait-impaired elderly to have larger 
ventricles than the control group was 
found in three studies.*’ In addition to 
CT measurements assessed in previous 
studies, we analyzed the degree of CT 
white-matter hypodensity in a group 
of elderly people who underwent ex- 
tensive quantitative testing of gait and 
balance. 


SUBJECTS AND METHODS 


As part of a case-control study of falls 
and gait in the elderly, CT was performed 
after informed consent in 40 subjects, all of 
whom were recruited at the same nursing 
home. Twenty subjects had sustained two 
or more unexplained falls in a 1-year period 
and the remaining 20 were volunteers with 
no history of falling. Exclusion criteria in- 
cluded behavioral or comprehension prob- 
lems severe enough to render the subject 
unable to carry out test-related instruc- 
tions, nonambulatory status, amputations, 
arthritic or orthopedic ailments, severe 
pain, visual acuity worse than 20/70, ortho- 
static hypotension, a history of seizures or 
syncope, and neurologic disease that im- 
paired gait or balance (eg, Parkinson's dis- 
ease or stroke). A falling incident was not 
considered an unprovoked fall if it was at- 
tributable to a serious environmental haz- 
ard. 

Fallers were identified by reviewing inci- 


dent reports. During the period of observa- 
tion, 607 incidents met the definition of a 
fall and these involved 137 subjects, 20 of 
whom met criteria and agreed to partici- 
pate in the study. Historically, the falls 
were unaccompanied by head trauma. No 
attempt was made to randomize the control 
group with respect to cognitive status. 
Nursing home residents who attended re- 
cruitment fairs and were willing to cooper- 
ate with study protocols were enrolled. It is 
likely that this procedure resulted in over- 
representation of nondemented subjects in 
the control group. 

In addition to an extensive epidemiologic 
questionnaire, the subjects underwent 
physical examination, electrocardiogram, 
blood chemistry analysis, neuropsychologi- 
cal evaluation, neurologic examination, 
nerve conduction velocity studies, and eval- 
uation of gait, equilibrium, and isokinetic 
strength. Neuropsychologic testing in- 
cluded screening with the Blessed Demen- 
tia Scale’ and Mattis’ Dementia Rating 
Scale (DRS).’ Poor performance resulted 
in a high score on the Blessed Dementia 
Scale and a low score on the DRS. Diag- 
nosis of dementia status was made by a 
panel of neurologists according to the Diag- 
nostic and Statistical Manual of Mental 
Disorders, 3rd edition, and National Insti- 
tute of Neurological and Communicative 
Disorders and Stroke-Alzheimer’s Disease 
and Related Disorders Association crite- 
T Bs 

The methods for analysis of gait and 
equilibrium have been described else- 
where.*!! Briefly, in addition to measuring 
stride length and walking velocity, 16 as- 
pects of extremity, trunk, and head move- 
ment during walking were rated by two in- 
dependent observers; high scores corre- 
sponded to poor performance. Balance or 
equilibrium was assessed by destabilizing 
the standing subject using a system of pul- 
leys attached to progressively heavier 
weights. The measure was based on the ef- 
fectiveness of the equilibrium responses 
that resisted the destabilizing forces pro- 
duced by the weights. A higher score repre- 
sented better performance.” 

Computed tomographic scans (per- 
formed using a GE 8800 unit, General Elec- 
tric Co, Milwaukee, Wis) were assessed in- 
dependently by two reviewers unaware of 
the clinical findings. Variables were of two 
types: rank orders and ratios. For the rank 
order variables, evaluations were done in a 
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White-matter hypodensity on computed tomography. Scans show from top left to bottom right 
greater degrees of white-matter hypodensity (1, 3, 6, and 8 degrees, respectively). See text for 
details on how these degrees were determined. 


two-step process. First, since external stan- 
dards were unavailable, each scan was eval- 
uated in relationship to the others; a rela- 
tive rank order was obtained by comparing 
all of the CT scans included in the study. 
Second, to eliminate ties, the scans were 
grouped into as many degrees as could be 
differentiated for a given variable. Rank 
order variables included amount of cerebel- 
lar atrophy (6 degrees); amount of cortical 
atrophy, regardless of ventricular size (9 
degrees); and amount of hemispheric 
white-matter hypodensity (8 degrees) 
(Figure). Interobserver agreement was 
evaluated with the Kendall rank correla- 
tion coefficient.'? High levels of agreement 
were obtained: cerebellar atrophy, r = .81; 
cortical atrophy, r = .82; white-matter hy- 
- podensity, r = .94 (P < .001; n = 40). 

Ratio variables were computed by divid- 
ing the width of the third (1000) and lat- 
eral (X100) ventricles by the width of the 
brain at the same level. Third ventricular 
measurements were performed at high tha- 
lamic and thalamohypothalamic levels. At 
the level of the foramen of Monro, the width 
of the lateral ventricles was measured at 
the callosocaudate angle and between the 
heads of the caudate nuclei. A lateral ven- 
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tricular index was obtained by multiplying 
frontal horn and bicaudate ratios by the 
cella media ratio. A ventricular index re- 
sulted from multiplying the third ventricu- 
lar index by the lateral ventricular index. A 
hydrocephalic index was calculated by di- 
viding the ventricular index by the rank of 
suleal atrophy. In a subset of 24 nonprese- 
lected subjects, for whom stored magnetic 
data were available, volumetric measure- 
ments of ventricular size were performed 
using commercially available software for 
the CT unit. Ventricular volumes thus cal- 
culated correlated highly with linear mea- 
surements (Spearman’s r=.8; P < .001). 
The discordance could be largely accounted 
for by interindividual differences in occipi- 
tal horn size. 

Since the underlying distributions of the 
CT and gait parameters are unknown, no 
distributional assumptions were made. Ac- 
cordingly, statistical comparisons of faller 
status and gait findings with the CT data 
were performed using the Kruskal-Wallis 
test and Spearman’s correlation co- 
efficients.” To reduce the probability of type 
I errors in multiple comparisons, the over- 
all significance level (a = .1) was divided by 
the number of prespecified comparisons 


Table 1.—Demographic Data 











Fallers Controls 

(n = 20) (n= 20) 
Age, y (mean + SE) 84.3 + 1.5 81.5 + 2.0 
Age range, y 71-93 66-100 


Sex, No. M/F 4/16 6/14 





(x =8), to yield an adjusted significance 


level (a/x) of P<.01 (Bonferroni’s 


method ).!*?5 


RESULTS 
Demographic and Clinical Findings 


There were no statistically signifi- 
cant differences between fallers and 
controls with respect to age, sex (Table 
1), or level of education. The preva- 
lences of cardiac diseases and neuro- 
logic findings other than cognitive im- 
pairment were comparable between 
groups. More fallers were demented 
than controls (66.7% vs 25.0%; 
P<.01), with the former having 
higher scores on the Blessed scale 
(13.1 + 1.8 vs 4.6 + 1.2; P < .001) and 
lower scores on the DRS (117.8 + 4.6 
vs 132.5 + 1.9; P < .01). The type and 
amount of medications (antihyperten- 
sive drugs, hypnotics, antihistamines, 
and diuretics) did not differ between 
the two groups. 


Gait and Equilibrium Data 


The group of elderly with multiple 
falls had significantly worse equilib- 
rium and gait scores than the controls 
(Table 2). Fallers walked more slowly 
and with a shorter stride than the 
controls. A trend was observed for 
older subjects to have worse balance 


(Spearman’s r=.41; P<.05) and 
shorter steps (r = .83; P < .05). 
CT Data 


Among all of the CT variables, only 
the degree of white-matter hypoden- 
sity differed significantly between the 
fallers and the controls (Table 3). Fall- 
ers had significantly more white- 
matter hypodensity than the controls 
(x? = 6.7; P < .01). Degrees 7 and 8 of 
white-matter hypodensity were repre- 
sented only among the fallers. 

White-matter hypodensity corre- 
lated with poor gait and balance 
scores, but not with tests of cognition 
(Table 4). Dilated lateral ventricles 
correlated with poor performance in 
the Blessed Dementia Scale, but failed 
to correlate significantly with im- 
paired gait or equilibrium. A trend was 
observed for the lateral ventricular 
and global ventricular measurements 
to correlate with both impaired ambu- 
lation and cognition. Older subjects 
tended to have more white-matter hy- 
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Table 2.—Comparison of Gait and Balance Scores 


Mean (Range) 
KL 
Fallers (n = 20) Controls (n = 20) x? Value * 


Composite gait score 24.6 (6-36) 10.9 (0-33) 15.3t 
Total balance score 8.5 (0-17) 17.5 (9-21) 17.2t 












Time to walk 10 m, s 
* Kruskal-Wallis xê; df = 38. 
+P <.01. 
+P < .001. 








CT Variables 
Cerebellar atrophy score 
Cortical atrophy score 
White-matter hypodensity score 
Third ventricular index 





Ventricular index 
Hydrocephalic index 


* Kruskal-Wallis x2; df = 38. 
tP<.01. 





30.4 (16.3-67) 





Table 3.—Computed Tomographic (CT) Variables and Faller Status 


—_—_————_—_qe_mm_we. xO 
Fallers (n = 20) 


3.1 (1-6) 
4.2 (1-9) 
4.5 (1-8) 
4.7 (0.5-15.6) 
14.9 (0.4-95.7) 
4.4 (0.2-25) 





18.2 (9.7-45) 10.3} 





Mean (Range) 







Controls (n = 20) x? Value* 
3.4 (1-6) 0.66 
3.8 (1-8) 0.65 





2.9 (1-6) 6.74t 
3.5 (0.3-7.2) 1.01 





7.2 (0.2-18.1) 1.32 
3.4 (0.1-18.1) 0.57 








Table 4.—Computed Tomography, Gait, and Cognition 





Spearman’s Correlation Coefficients (n = 40) 
LLL 


Motor Function 
-———__--— cc 


Gait 


Cognition * 
——mwWwe~ 


Cerebellar atrophy —.20 ie .10 
Cortical atrophy —.08 —.05 .29 
My a 


White-matter hypodensity ott 
Third ventricular index .26 
Lateral ventricular index : 


Balance DRS Blessed 
.07 
— 12 


—.43T = 02 
>e —.29 .33 
—.34 —.35 51T 


25 
Ventricular index AT = 3] —.34 .40tł 
Hydrocephalic index .23 —.27 —.19 .19 


*DRS indicates Mattis’ Dementia Rating Scale’; Blessed, Blessed Dementia Scale.® 


tP< .01. 


podensity (r = .36; P < .05) and more 
cortical atrophy (7 = .31; P < .05). 


Falls, Dementia, and White-Matter 
Hypodensity 


The higher prevalence of dementia 
among the fallers may have resulted 
from the recruitment process, 
whereby nondemented nursing home 
residents were more likely to volunteer 
as controls than demented residents. 
Thus, the relationship between falling 
and cognitive status cannot be ascer- 
tained from this study. However, sev- 
eral additional analyses were under- 
taken to examine further the relation- 
ship between falls, white-matter 
hypodensity, and dementia. A two-way 
analysis of variance with the white- 
matter hypodensity score as the de- 
pendent variable, and faller status and 
dementia diagnosis (or either Blessed 
scale or DRS instead of the dementia 
indicator) demonstrated a significant 
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main effect for faller status and not for 
dementia status or the interaction 
term. Since the white-matter score is 
not a true interval scale and the num- 
bers of nondemented fallers and de- 
mented controls were small, it is ques- 
tionable whether the assumptions of 
the model are met by the data. A 
nonparametric analysis of variance 
(Wilcoxon’s)* also showed significant 
differences in levels of white-matter 
hypodensity between fallers and con- 
trols, but not between the demented 
and nondemented subjects overall or 
within the faller and control groups. 
In addition, a logistic regression 
analysis,” using faller status as the 
dependent variable, yielded an odds 
ratio of 5.7 for the presence of white- 
matter hypodensity. That is, an indi- 
vidual with white-matter changes was 
more than five times likely to be a 
faller (when controlling for dementia 
status). However, owing to the small 













sample sizes, the confidence limits 
around the estimated odds ratio, al- 
though statistically significant at 
P < .10, were very wide. 

Taken together, these findings sug- 
gest that the connection between faller 
status and white-matter hypodensity 
was direct, and that dementia was not 
related to white-matter hypodensity. 


White-Matter Hypodensity and 
Cardiovascular Risk Factors 


No association was found between 
the presence of white-matter hypoden- 
sity on CT and any of the following 
cardiovascular risk factors: lifetime 
prevalence of hypertension (18 sub- 
jects), electrocardiographic left ven- 
tricular hypertrophy (12), cardiac ar- 
rhythmias (13), ankle swelling (12), 
shortness of breath (10), or a history of 
angina (6). The number of subjects 
with other cardiovascular risk factors 
was small. 


COMMENT 


Among the CT variables explored, 
only white-matter hypodensity dif- 
fered significantly between the group 
of subjects prone to falling and those 
who were not. It was also the only 
variable that correlated significantly 
with poor gait and equilibrium scores. 
Except for the hydrocephalic index, a 
trend was observed for the measures of 
ventricular dilation to correlate with 
impairment in some of the motor and 
cognitive tests. In the case of both the 
ventricular and hydrocephalic in- 
dexes, the coefficient of variation was 
larger than unity (Table 3). These 
large variances might have accounted 
for the lack of significant correlations. 
However, white-matter hypodensity 
had a higher correlation than any of 
the ventricular measurements with 
impaired equilibrium and gait, but not 
with impaired cognition. 

Rank ordering by two independent 
observers, rather than direct measure- 
ments of white-matter density, were 
used in this study because direct visual 
inspection combined evaluation of 
density, extent, and shape of the le- 
sions. For complex morphologic 
changes, rank ordering by a trained 
observer may be superior to a comput- 
er-aided method. Even for simple CT 
features, a trained observer matches 
the performance of a computer. Visual 
rank ordering by a neuroradiologist 
for ventricular area was shown to cor- 
relate highly (Spearman’s r= .91) 
with computed pixel count.'® 

White-matter hypodensity in the 
elderly, subtle on CT, has striking 
visual characteristics on MRI.” Ar- 
eas of the periventricular white matter 
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hypodense on CT appear markedly hy- 
perintense on T,-weighted images, and 
hypointense on T,-weighted images.” 
However, high-intensity areas on T, 
MRI are often undetected on CT. The 


».-«prevalence and severity of white- 


ag 


A 


matter changes has been found to 
increz¥e with age." The histology 
underlying these changes remains elu- 
sive. The descriptive term leuwko-arai- 
osis has been proposed for the CT 
findings. Several authors have re- 
ported normal histologic findings, but 
vascular or ischemic disease has been 
present in cases with pronounced 
changes on MRI or CT.””?** On T, MRI 
images, it may be difficult to distin- 
guish areas of increased water content 
due to dilation of perivascular spaces 
with normal aging or transependymal 
cerebrospinal fluid absorption from 
areas of tissue damage, because both 
have increased intensity values. 

In this study, the subjects were se- 
lected solely according to their ten- 
dency to fall, regardless of cognitive 
status. Thus, any statements about the 
relation between cognition and falls 
have to be tentative because the better 
performance on cognitive testing 
among the controls could be explained 
by the recruitment process. Dementia 
may be a risk factor for falling.” In 
other studies, the rate of dementia 
among patients with CT or MRI white- 
matter changes has ranged between 
29% and 68%. In these series a 
reliable correlation is difficult to es- 
tablish, because CT or MRI was part of 
the workup for dementia or other neu- 
rologic disorders. As in studies con- 
trolling for dementia,'***’*° we found 
that the extent of white-matter dis- 
ease did not correlate with the degree 
of cognitive impairment. However, 
cognitive impairment may be more 
frequent among patients with severe 
white-matter disease.”**!* 

Although several reports have ad- 
dressed the possible correlation of CT- 
MRI white-matter changes with the 
presence of dementia,'*?!3"*° few have 


1. Baker SP, Harvey AH. Fall injuries in the 
elderly. In: Radebaugh TS, Hadley E, Suzman R, 
eds. Falls in the Elderly: Biologic and Behavioral 
Aspects. Philadelphia, Pa: WB Saunders Co; 
1985:501-512. 

2. Haupt BJ, Graves E. Detailed Diagnoses and 
Surgical Procedures for Patients Discharged 
From Short-Stay Hospitals: United States, 1979. 
Washington, DC: Department of Health and Hu- 
man Services; 1982. US Dept of Health and Hu- 
man Services Publication PHS 82-1274-1. 

3. Newman G, Dovenmuehle RH, Busse EW. 
Alterations in neurologic status with age. J Am 
Geriatr Soc. 1960;8:915-917. 

4. Wolfson LI, Whipple R, Amerman P, Kaplan 


. J, Kleinberg A. Gait and balance in the elderly: 


Arch Neurol— Vol 46, December 1989 


commented on gait disturbances.” 
Steingart et al found an abnormal 
gait more often among subjects with 
leuko-araiosis. Twelve of 15 patients 
with hypodense periventricular white 
matter reported by Loizou et al* had 
impaired gait. Kinkel et al” described 
motor impairment in 14 of 23 patients 
with white-matter lesions. Comparing 
demented elderly subjects with con- 
trols for dementia, George et al” failed 
to find a significant correlation be- 
tween white-matter disease and de- 
mentia, but white-matter disease 
seemed to correlate with gait impair- 
ment. Comparing elderly subjects 
prone to falling with controls, our 
study clearly demonstrates the corre- 
lation between impaired gait and 
white-matter disease. 

Disorders of gait were pronounced 
among 41 well-documented cases of 
progressive arteriopathic white- 
matter disease described with histol- 
ogy since 1978 (23 men and 18 women; 
mean age at onset, 60 + 9.7 years; 
mean length of illness, 5.8 + 4.2 
years). 4-5 Tmpairment of ambula- 
tion preceded cognitive impairment in 
43% of the cases, whereas in only 17% 
dementia developed before gait im- 
pairment; in 20% they evolved simul- 
taneously and in 20% insufficient data 
precluded timing of gait abnormality 
vs dementia. Two of the patients in 
whom dementia occurred first had 
amyloid angiopathy and senile 
changes in the cortex.” Some authors 
have argued that dementia in subcor- 
tical arteriosclerotic encephalopathy 
does not result from diffuse white- 
matter disease, but is rather the con- 
sequence of the frequently accompa- 
nying thalamic lacunes.’ 

Like other disorders of the elderly, 
gait impairment may result from mul- 
tiple causes acting simultaneously.” 
White-matter changes detected in this 
population need not be causal, but may 
be an epiphenomenon. Deafferenta- 
tion, age-related loss of dopaminergic 
neurons, and _less-well-understood 
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Impaired Recognition of Meaningful Sounds 
in Alzheimer’s Disease 


Steven Z. Rapcsak, MD; Mary Kentros, MD; Alan B. Rubens, MD 


@ We studied recognition of meaningful 
nonverbal sounds using a sound-picture 
matching test in 18 patients with senile 
dementia of the Alzheimer type (SDAT) 
and 19 age-matched controls. A signifi- 
cant impairment of sound recognition was 
found in the SDAT group, consistent with 
auditory sound agnosia. Although sound 
recognition performance correlated sig- 
nificantly with auditory verbal comprehen- 
sion scores, a sound recognition defect 
was also identifiable in the subgroup of 
patients with SDAT who had normal verbal 
comprehension. Qualitative analysis of 
sound recognition errors revealed that 
nonaphasic patients with SDAT made pre- 
dominantly acoustic errors, whereas se- 
mantic errors were found almost exclu- 
sively in aphasic patients. These findings 
suggest that the auditory sound agnosia of 
patients with SDAT may be subdivided into 
perceptual-discriminative and semantic- 
associative types. 

(Arch Neurol. 1989;46: 1298-1300) 


The inability to recognize meaning- 

ful nonverbal sounds in the pres- 
ence of otherwise adequate hearing is 
sometimes referred to as auditory 
sound agnosia.'? The disorder is dis- 
tinctly uncommon in “pure” form.“ In 
the vast majority of cases, auditory 
sound agnosia is accompanied by im- 
paired recognition of speech sounds 
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(ie, auditory verbal agnosia) or is seen 
in association with aphasia.'*5° The 
incidence of auditory sound agnosia in 
left hemisphere-damaged aphasic pa- 
tients is between 25% and 67.5%, with 
most investigators reporting a high 
correlation between impaired nonver- 
bal sound recognition and auditory 
verbal comprehension defects.*”" 
Although language dysfunction in 
patients with senile dementia of the 
Alzheimer type (SDAT) has been the 
subject of intensive study, no informa- 
tion is available on recognition of non- 
verbal meaningful sounds in these pa- 
tients. The purpose of our study was to 
investigate sound recognition in pa- 
tients with SDAT and age-matched 
controls with no clinical or audiomet- 
ric evidence of significant hearing loss. 
Sound recognition performance of pa- 
tients with SDAT was correlated with 
a standard measure of auditory verbal 
comprehension and with scores on the 
Mini-Mental State! examination. 


PATIENTS AND METHODS 
Patients With SDAT 


Eighteen patients fulfilling National In- 
stitute of Neurological) Disorders and 
Stroke-Alzheimer’s Disease and Related 
Disorders Association criteria for clinical 
diagnosis of probable Alzheimer’s disease” 
participated in the study. All patients were 
right-handed. The mean age of the SDAT 
group was 76.3 years (range, 66 to 85 years). 
Educational level ranged from 8 to 18 years 
(mean, 12.3 years). Scores on the Mini- 
Mental State examination ranged from 9 to 
23 (mean, 14.4). 


Controls 


Nineteen neurologically intact right- 
handed subjects served as controls. The 


mean age of the control group was 73 years 
(range, 65 to 85 years). Educational level 
ranged from 8 to 18 years (mean, 11.4 
years). 


Hearing Evaluation 


Subjects with a history of hearing loss or 
evidence of hearing impairment on clinical 
examination were excluded from the study. 
Pure tone audiometry revealed mild (30- to 
40-dB) bilateral high-frequency hearing 
loss in 10 patients with SDAT and 9 con- 
trols. This degree of presbycusis was not 
felt to be significant in otherwise clinically 
asymptomatic patients. 


Sound Recognition Test 


In accordance with other investiga- 
tors,” we tested sound recognition with a 
sound-picture matching test. This proce- 
dure was used to circumvent anomic diffi- 
culties in aphasic patients. 

Twenty familiar nonverbal sounds were 
selected from the Sound Effects Recogni- 
tion Test.’ The tape-recorded sounds were 
presented at a comfortable hearing level in 
a quiet testing room. Subjects were asked to 
match the tape-recorded sound (eg, the 
meowing of a cat) with one of four pictures 
that contained the natural source of the 
sound, a semantic foil (eg, a dog barking), 
an acoustic foil (eg, a baby crying), and an 
unrelated item (eg, a train). Responses were 
scored as either correct or incorrect and the 
type of error was also recorded. 


Picture Recognition Test 


This test was administered to exclude the 
possibility that failure on the Sound Rec- 
ognition test was due to an inability to rec- 
ognize the target pictures (ie, visual agno- 
sia). The examiner named the 20 items that 
produced the sounds previously heard in 
the Sound Recognition test and subjects 
were asked to select these from the same set 
of pictures. The scoring procedure was the 
same as for the Sound Recognition test. 
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Mean % Correct 


SR PR 


Performance of nonaphasic patients with se- 
nile dementia of the Alzheimer type (SDAT) 
(broken line), aphasic patients with SDAT 
(dotted line), and age-matched controls (solid 
line) on the Sound Recognition (SR) and Pic- 
ture Recognition (PR) tests. 


Language Comprehension 


Eight of our patients with SDAT showed 
evidence of fluent aphasia (anomic, 
transcortical sensory, and Wernicke’s) on 
clinical examination. To formally assess 
language comprehension, we administered 
the Auditory Verbal Comprehension sec- 
tion of the Western Aphasia Battery” to all 
patients with SDAT. 


RESULTS 


The performance of patients with 
SDAT and controls on the Sound Rec- 
ognition and Picture Recognition tests 
were compared using the Mann- 
Whitney U Test. Although the pa- 
tients with SDAT performed signifi- 
cantly worse than the controls on the 
Sound Recognition test (P < .001), 
they were no different from the con- 
trols on the Picture Recognition test. 

The relationship between sound rec- 
ognition and auditory verbal compre- 
hension was examined by computing 
Spearman correlation coefficients be- 
tween sound recognition scores and 
Western Aphasia Battery Auditory 
Verbal Comprehension scores. A sig- 
nificant correlation was found between 
these two measures (p=.64; 
116] = 3.14; P < .01). 

To investigate further the relation- 
ship between recognition of meaning- 
ful nonverbal sounds and verbal com- 
prehension, we separately examined 
sound recognition performance in the 
subgroup of 10 patients with SDAT 
who had essentially normal auditory 
comprehension (defined here as com- 
prehension scores of 95% or higher on 
the Western Aphasia Battery). The 
Mann-Whitney U Test revealed that 
these patients still performed signifi- 
cantly worse than controls on the 
Sound Recognition test (P < .001). 

The performance of patients with 
SDAT and controls on the Sound Rec- 
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ognition and Picture Recognition tests 
is summarized in the Figure. 

Qualitative analysis of errors 
showed that nonaphasic patients with 
SDAT (n = 10) made mostly acoustic 
errors (92% ) and semantic errors were 
rare (8% ). On the other hand, in apha- 
sic patients with SDAT (n = 8) seman- 
tic errors were most frequent (55%), 
followed by acoustic errors (40%), 
while unrelated errors were uncom- 
mon (5%). 

Finally, asignificant correlation was 
found between sound recognition 
scores and Mini-Mental State scores in 
the SDAT group (p = .53; #16] = 2.37; 
P'S .05}. 


COMMENT 


Our results indicate a significant 
impairment of nonverbal sound recog- 
nition in the SDAT group relative to 
the age-matched control group. This 
deficit cannot be accounted for by the 
mild degree of presbycusis demon- 
strated on audiometric testing, as pa- 
tients with SDAT and controls had 
similar hearing profiles. Poor perfor- 
mance on the Sound Recognition test 
cannot be attributed to an inability to 
recognize the pictures used in the test 
(ie, visual agnosia) either, as the SDAT 
group performed as well as the control 
group on the Picture Recognition test. 
Therefore, impaired recognition of 
meaningful nonverbal sounds in our 
patients with SDAT most likely repre- 
sents auditory sound agnosia. 

In agreement with studies of non- 
verbal sound recognition in left hemi- 
sphere-damaged aphasic patients,” 
we found a significant correlation be- 
tween sound recognition scores and 
auditory verbal comprehension scores 
in the SDAT group. However, we were 
also able to demonstrate impaired rec- 
ognition of meaningful nonverbal 
sounds in the subgroup of patients 
with SDAT who had normal auditory 
comprehension. Our findings suggest 
that these nonaphasic patients with 
SDAT may have a relatively “pure” 
form of auditory sound agnosia. 

Vignolo®** proposed that there may 
be two distinct types of auditory sound 
agnosia: a semantic-associative type 
specifically associated with left hemi- 
sphere lesions and aphasia, and a per- 
ceptual-discriminative type associated 
mainly with right hemisphere lesions. 
Aphasic patients with semantic-asso- 
ciative auditory sound agnosia make 
mostly semantic errors on meaningful 
sound recognition tests, while patients 
with perceptual-discriminative audi- 
tory sound agnosia make predomi- 
nantly acoustic errors. Our observa- 
tions in patients with SDAT lend sup- 


port to this hypothesis, as semantic 
errors were seen almost exclusively in 
aphasic patients, whereas nonaphasic 
patients made mostly acoustic errors. 

The semantic-associative auditory 
sound agnosia of aphasic patients may 
be part of a more general cognitive-as- 
sociative defect,‘ as aphasics have 
been found to be impaired on several 
other nonverbal matching tests.'** 
Therefore, the poor performance of 
aphasic patients with SDAT on the 
sound-picture matching test of sound 
recognition may in part reflect their 
general inability to form cross-modal 
associations. 

Geschwind'*!’ proposed that the 
ability to form cross-modal associa- 
tions is critically dependent on the in- 
tegrity of the posteroinferior parietal 
region of the left hemisphere. Im- 
paired cross-modal matching has in- 
deed been demonstrated in patients 
with parietal lobe lesions,” and dam- 
age to the left temporoparietal area is 
a common finding in aphasics with au- 
ditory sound agnosia.” Histo- 
pathologic,” cerebral blood flow,” 
and positron emission tomographic*” 
studies in SDAT consistently show the 
predilection of the degenerative pro- 
cess for the multimodal association 
cortex of the temporoparietal region. 
Involvement of the left temporopari- 
etal association cortex in SDAT would 
be expected to cause fluent aphasia and 
may also interfere with the ability to 
carry out cross-modal associations. In 
fact, a recent study showed that neu- 
rofibrillary tangles in the auditory and 
visual association cortex of patients 
with SDAT are mostly found in those 
pyramidal neurons that furnish long 
cortico-cortical projections and may 
represent the neuronal substrate of 
cross-modal associative functions.” 

We found a significant correlation 
between the severity of the sound rec- 
ognition defect and dementia severity 
as measured by the Mini-Mental State 
examination. However, the Mini- 
Mental State examination contains 
several language-related items; there- 
fore, it may be misleading to use per- 
formance on this test as a measure of 
dementia severity in aphasic patients 
with SDAT. 

The inability to recognize environ- 
mental sounds, accompanied at times 
by various degrees of auditory 
inattention,’ represents a significant 
liability for patients. For example, the 
patient described by Liepmann” was 
in constant danger of being run over by 
streetcars, as he paid no attention to 
the sound of the horn. For patients 
with SDAT who have auditory sound 
agnosia, it may be helpful to provide 
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additional visual warning signals on 
smoke alarms, telephones, and door- 
bells, to increase their awareness of 
significant sounds in the home envi- 
ronment. 


The authors wish to thank James Allender, 
PhD, and Mary V. Fox, PhD, for referring their 
patients; James L. Boren, PhD, for statistical as- 
sistance; and Patricia A. Coleman, RMA, for pre- 
paring the manuscript. 
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The interruptions caused by uncontrolled 
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human terms, just consider that a lot of 
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pressure. 
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blood pressure control program where you 
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Glucose Uptake by Gliomas After Treatment 


A Positron Emission Tomographic Study 
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è Positron emission tomographic scan- 
ning with fludeoxyglucose F 18 ('°F-fluo- 
rodeoxyglucose) was used to study acute 
changes in gliomas after chemotherapy. In 
six experimental subjects, scans were ob- 
tained before and at days 1, 7, and 30 af- 
ter treatment. Five control patients with 
gliomas who did not undergo chemother- 
apy had two scans, 1 month apart. Ratios 
were calculated between peak tumor re- 
gional cerebral metabolic rate for glucose 
and contralateral white matter. The per- 
cent change in ratios relative to each pa- 
tient’s baseline scan was calculated. Ra- 
tios in three stable controls remained un- 
changed over the study interval; in two 
controls it increased 155% and 36% and 
both died of tumor progression. In exper- 
imental subjects, ratios increased 20% to 
100% 24 hours after chemotherapy and 
then decreased until at 28 days they var- 
ied between 22% above and 35% below 
baseline. The increased fludeoxyglucose 
F 18 uptake at 24 hours could be from un- 
coupling oxidative phosphorylation or 
shunting glucose to ribose phosphates for 
salvage nucleoside synthesis. 

(Arch Neurol. 1989;46:1302-1307) 


ositron emission tomographic 
(PET) scanning with fludeoxyglu- 
cose F 18 ('*F fluorodeoxyglucose) 
allows quantitative, in vivo measure- 
ment of glucose uptake, and hence de- 
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termination of the regional cerebral 
metabolic rate for glucose (rCMRGlu) 
in normal brain and in brain tumors.” 
Using the Sokoloff equations to deter- 
mine the rCMRGlu in human cerebral 
tumors presumes that the rate con- 
stants of the tumors are similar to 
those of normal brain.“ Positron emis- 
sion tomography is an alternative 
means of obtaining clinically relevant 
and prognostic information on pa- 
tients with space-occupying lesions of 
the central nervous system even prior 
to biopsy.** In addition, the histologic 
grade of a glioma correlates with tu- 
mor rCMRGlu, this value being rela- 
tively increased in more malignant 
tumors.*’”* Therefore, PET scans with 
fludeoxyglucose F 18 may reflect the 
biologic behavior of central nervous 
system neoplasms, and such data may 
be used to predict survival times in 
patients with brain tumors.>* 
Positron emission tomographic 
scans have been used to measure 
changes in fludeoxyglucose F 18 up- 
take in cerebral tumors following mul- 
timodal treatment,” treatment with 
methotrexate,!' and _ barbiturate 
coma.'* The mean (+SD) fludeoxyglu- 
cose F 18 uptake decreased 41.3 + 
13.8% compared with a baseline scan 
in 10 of 13 patients with gliomas 
studied within 1 month of completion 
of a multimodal treatment regimen.” 
The rCMRGlu measured prior to and 1 
day after administration of preirradia- 
tion high-dose methotrexate to a sin- 
gle patient with medulloblastoma 
decreased 31.6% the day after treat- 
ment.'' The authors concluded that 
methotrexate had a primary effect on 
glucose phosphorylation and sug- 
gested that PET scanning with flude- 
oxyglucose F 18 could be a sensitive 


indicator of cerebral dysfunction or 
early tissue injury, ie, drug-induced 
neurotoxicity. The data from that pa- 
tient agree with other experimental 
evidence that methotrexate depresses 
glucose consumption in the brains of 
rats in vivo? and of Ehrlich ascites 
carcinoma cells in vitro.'* After barbi- 
turate coma in patients with brain tu- 
mors, glucose utilization by nonin- 
volved brain decreased between 47% 
and 67% .'* In that study, gliomas were 
relatively resistant to the suppressive 
effect of barbiturate on metabolism 
and their fludeoxyglucose F 18 uptake 
decreased only 32%. We performed 
four consecutive PET scans with 
fludeoxyglucose F 18 during a 1-month 
period to determine the acute change 
inrCMRGlu of malignant gliomas that 
occurred after treatment with the 
“eight- drugs-in-1-day” chemotherapy 
regimen.!® 


PATIENTS, MATERIALS, AND METHODS 
Patient Selection and Scan Intervals 


All patients entered in this study had 
previously diagnosed, histologically 
proved, malignant gliomas (anaplastic as- 
trocytoma or glioblastoma multiforme). 
Patients were receiving the lowest toler- 
ated dose of dexamethasone. Our control 
subjects included five patients who had 
previously undergone conventional whole- 
brain irradiation and were not receiving 
adjuvant treatment. Two scans, 1 month 
apart, were performed on these control 
subjects. 

The experimental subjects consisted of 
six patients who were undergoing postirra- 
diation chemotherapy with the eight- 
drugs-in-1-day regimen (Table). These pa- 
tients were scanned as follows: (1) a base- 
line scan the day prior to chemotherapy; (2) 
a scan the day after chemotherapy; (3) a 
scan 7 days after chemotherapy; and (4) a 
scan 30 days after chemotherapy. In addi- 
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Eight-Drugs-in- 1-Day Chemotherapy 


Drug Dose, mg/m? 


Methylprednisolone sodium 












succinate (intravenous) 300 
Vincristine sulfate (intravenous) 1.5 
Lomustine (by mouth) 75 
Procarbazine hydrochloride 

(by mouth) 75 
Hydroxyurea (by mouth) 3000 
Cisplatin (intravenous) 90 


Cytarabine (intravenous) 
Dacarbazine (intravenous) 


tion, two patients had a fifth scan: 5 months 
after the fourth scan at the time of clinical 
worsening in patient 1, and day 4 after che- 
motherapy in patient 3. Institutional Re- 
view Board approval was obtained for this 
study, and informed consent was obtained 
from all patients. 


PET 


On the day of a scan, patients fasted for 
at least 6 hours prior to the examination. 
The morning dose of dexamethasone was 
withheld, but all other medications were 
administered. A heparin lock, through 
which blood was to be drawn for quantita- 
tion of the rCMRGlu, was placed in a dor- 
sal hand vein. The hand was then placed in 
a heated and moisturized hand warmer 
where the skin temperature was main- 
tained at 42°C. Fludeoxyglucose F 18 was 
administered in a 3- to 5-mCi dose by slow 
intravenous push into a peripheral arm 
vein in the arm opposite to that from which 
blood samples for quantitation were drawn. 
The fludeoxyglucose F 18 had a radiochem- 
ical purity of more than 90% anda pH of 4.5 
to 7.5. Immediately after synthesis and 
packaging, the specific activity of the 
fludeoxyglucose F 18 was 5 mCi/mg or 
greater. The tracer underwent appropriate 
sterility and pyrogen testing. Patients were 
kept in a quiet and darkened room for 40 
minutes after the fludeoxyglucose F 18 
injection, while the tracer achieved a 
steady-state level.! During this time, arte- 
rialized venous blood samples were taken 
from the warmed hand at appropriate in- 
tervals (every 15 seconds for 1 minute, ev- 
ery 30 seconds for 1 minute, every minute 
for 4 minutes, every 2 minutes for 4 min- 
utes, and then after 5 minutes) so that data 
for a quantitative study could be obtained. ' 
Blood glucose values were obtained imme- 
diately prior to and 20 and 40 minutes after 
fludeoxyglucose F 18 injection, and after the 
PET scans were completed. 

The PET scans were obtained on a scan- 
ner (CTI-993/04) (Siemens-CTI, Knoxville, 
Tenn). Subjects were positioned in the scan- 
ner by the same technician using alignment 
lasers with reference to the orbitomeatal 
line. The head was secured in a specially 
designed head holder both to assure accu- 
rate serial positioning and to avoid move- 
ment during the image acquisition. Seven 
slices, contained within a 4.6-cm mantle, 
were obtained simultaneously during each 
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of two acquisitions for a total brain flude- 
oxyglucose F 18 atlas of 14 parallel slices. 
The position of the planes was set parallel 
to the orbitomeatal line and the initial po- 
sition was chosen with reference to the 
most recent neuroimaging study to ensure 
that a major section of the tumor would be 
included in at least one of the planes. The 
spatial resolution of the images was 6 mm 
at full width half maximum. A calculated 
attenuation program was used to correct 
the emission scan. This correction program 
is accurate for brain imaging and is in 
agreement with the measured attenuation 
obtained from transmission scans on phan- 
toms in normal volunteers from our insti- 
tution. 


Image Analysis 


The rCMRGlu values were calculated us- 
ing a modification of the operational equa- 
tion of Sokoloff.'? The rCMRGlu values 
were determined for the area of peak activ- 
ity within regions of interest of 1-cm’ vol- 
umes (12 X 12 X 7 mm) within the tumor, 
using the most recent neurodiagnostic im- 
age as an anatomic guide.’* These dimen- 
sions represent twice the full width half 
maximum resolution in the transverse im- 
age plane and were chosen to minimize 
partial volume effects. The rCMRGlu values 
in the contralateral hemisphere, along the 
same transverse axis as each tumor region, 
were also calculated. The rCMRGlu values 
in remote ipsilateral, noninvolved white 
and gray matter, and along the same trans- 
verse axis in the contralateral hemisphere, 
were calculated for each of those regions. 
Data were calculated and plotted by a 
“blinded” investigator (R.L.L.). 

The measured peak glucose utilization of 
the tumor (T*) was normalized by calculat- 
ing a ratio between T* and the remote, con- 
tralateral, noninvolved white matter (RW). 
A similar glucose utilization ratio was cal- 
culated between T* and the mirror-image, 
noninvolved brain parenchyma (T°).° In 
comparing the serial changes between 
scans on each individual subject, the per- 
cent change in each of these glucose utili- 
zation ratios was calculated according to 
the following equations: 


Percent Change = 100 X (Study T*/T°—- 
Baseline T*/T°)/(Baseline T*/T°) 

Percent Change = 100 X (Study T*/RW — 
Baseline T*/RW)/(Baseline T*/RW) 


where “percent change” was determined 
for each study compared with the initial 
baseline scan, “study” was in reference to 
the follow-up scan being evaluated, and T*, 
T°, and RW were the tumor, mirror-image, 
and remote white matter activities, respec- 
tively. The glucose utilization ratios and 
percent changes were determined for both 
T° and RW so as to potentially identify 
whether transhemispheric diaschisis, that 
is, an artificially lowered mirror-image 
rCMRGlu, influenced the value of each 
ratio.*"° 


RESULTS 


The absolute tumor rCMRGlu var- 
ied between patients, and its value 
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ranged between 3.6 and 13.0 mg/100 g 
per minute. The mean tumor rCMRGlu 
of the baseline PET scan was 
6.66 + 3.33 mg/100 g per minute. 

In three control subjects, patients 2, 
4, and 5, the region of peak activity 
within the area from which tumor tis- 
sue had previously been obtained was 
hypometabolic (T*/RW <1.0) com- 
pared with the contralateral, nonin- 
volved brain white matter (Fig 1); this 
was also the case with patients 5 and 6 
of the treatment group (Fig 2). The 
rCMRGlu values of those areas were 
2.45 + 0.35 mg/100 g per minute. 
Blood glucose values at the time of 
fludeoxyglucose F 18 injection, includ- 
ing those drawn at day 1 after treat- 
ment, averaged 76.7 + 16.5 mg/dL. 
The calculated T*/T° and T*/RW ra- 
tios were found to be similar; there- 
fore, only the T*/RW ratios are re- 
ported. 


Control Subjects 


The glucose utilization ratio, T*/ 
RW, in patient 1 was constant over the 
1-month interval between scans (Fig 
3). However, both baseline and follow- 
up T*/RW ratios had values of 2, the 
highest recorded among control sub- 
jects (Fig 1). Of interest is that this 
patient’s clinical condition and com- 
puted tomographic scans had been sta- 
ble over the 4-month period preceding 
the PET studies. The T*/RW ratios in 
patients 2 and 3 increased by 155% and 
36%, respectively, compared with 
their baseline scans (Fig 3). Patient 2 
died 2 weeks after the second study 
with clinical and roentgenographic ev- 
idence of tumor progression. Patient 3 
also had clinical and roentgenographic 
worsening at the time of the second 
scan. 

Patients 4 and 5 had completed 
brain irradiation several months prior 
to entering this PET protocol, and the 
findings from their clinical and neu- 
rodiagnostic studies had been stable 
over that period of time. The T*/RW 
ratios of 0.7, 0.8, and 0.9 in patients 4, 
5, and 2, respectively, showed that 
brain areas previously involved by tu- 
mor were now slightly hypometabolic 
(Fig 1). These areas remained hy- 
pometabolic at restudy 1 month later. 


Experimental Subjects 


Experimental subjects were en- 
rolled in the eight-drugs-in-l-day 
treatment protocol that involved 
postirradiation chemotherapy. They 
were studied during their first postir- 
radiation cycle of treatment. Patient 3 
had one extra scan at day 4 after che- 
motherapy. 

The only scans acquired in patient 6 
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Fig 1.—Glucose utilization ratios calculated between the area of peak 
glucose utilization within the tumor (T*) and remote, contralateral white 
matter (RW) for the five control subjects. Each patient had a baseline 
(squares) positron emission tomographic scan with fludeoxyglucose F 
18 ('°F-fluorodeoxyglucose) done at day O anda follow-up (circles) scan 
at day 30. A T*/RW ratio of 1.0 would indicate that there was no dif- 
ference in the regional cerebral metabolic rate for glucose between the 
tumor and the noninvolved white matter. The numbers in parentheses 
identify the patients. 


Fig 3.—Percent change in the T* /RW ratio at 30 days (circles) as com- 
pared with the baseline (squares) positron emission tomographic scan 
with fludeoxyglucose F 18 ('°F-fluorodeoxyglucose) in the five control 
subjects. Percent change was calculated according to the formula given 
in the “Patients, Materials, and Methods” section. The numbers in pa- 
rentheses identify the patients. T* and RW are explained in the legends 
to Figs 1 and 2. 
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10 20 
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Fig 2.—Glucose utilization ratios calculated between the area of peak 
glucose utilization within the tumor (T*) and remote, contralateral white 
matter (RW) for the six experimental subjects (treated with “eight- 
drugs-in- 1-day’’ chemotherapy). A baseline (squares) positron emission 
tomographic scan with fludeoxyglucose F 18 ('°F-fluorodeoxyglucose) 
was obtained on the day prior to chemotherapy and consecutive follow- 
up (circles) scans were as described in the text. Numbers at the end of 
the lines and in the squares identify the patients. 


Fig 4.—Percent change over time in the T* /RW ratio for the six exper- 
imental subjects (treated with ‘‘eight-drugs-in- 1-day’’ chemotherapy) as 
compared with the baseline positron emission tomographic scan with 
fludeoxyglucose F 18 ('°F-fluorodeoxyglucose). The baseline scan 
(squares) was obtained the day prior to chemotherapy, and follow-up 
scans (circles) were obtained at the intervals described in the text. Per- 
cent change was calculated according to the formula given in the ‘‘Pa- 
tients, Materials, and Methods”’ section. T* and RW are explained in the 
legends to Figs 1 and 2. 
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were the baseline and 10-day post- 
treatment scans. That patient was 
subsequently unavailable for follow- 
up before the last scheduled scan. 

The T*/RW ratio increased by 20% 
to 100% within 24 hours after the ad- 
ministration of a cycle of chemother- 
apy in five of the six experimental sub- 
jects (a 24-hour posttreatment scan 
was not obtained from patient 6) (Fig 
4). The baseline T*/RW ratio in pa- 
tient 1 was 2.2, the highest recorded 
among any of the studied subjects (Fig 
2). Chemotherapy did not produce a 
depression of rCMRGlu in uninvolved 
brain as this value was insignificantly 
different between baseline and 24-hour 
postchemotherapy scans. 

The 24-hour scan on patient 3 re- 
vealed that the T*/RW ratio had in- 
creased by 100% relative to the base- 
line scan. That patient underwent an 
extra scan on day 4 after treatment, 
and, although still high, now demon- 
strated a T*/RW ratio only 43% above 
baseline (Fig 4). 

The T*/RW ratios obtained between 
7 and 10 days after chemotherapy in 
this group remained 6% to 14% higher 
than the respective baseline scans. 
Overall, PET scans obtained on day 30 
after treatment, which also was the 
day prior to the subsequent cycle of 
chemotherapy, revealed that T*/RW 
ratios had either decreased to 14% to 
24% below baseline (in two patients) 
or remained 8% to 22% above baseline 
(in three patients) (Fig 4). 

All experimental subjects were clin- 
ically stable or slightly improved dur- 
ing the time in which they were stud- 
ied. Patient 1 had been clinically stable 
and had radiologic evidence of a par- 
tial response to chemotherapy. That 
patient presented clinically and roent- 
genographically worse 5 months after 
the 30-day scan. A PET scan prior to 
biopsy revealed the T*/RW ratio had 
decreased 17% compared with the scan 
1 month after chemotherapy (Fig 2). 
This last value represented a total 41% 
decrease relative to the baseline scan 
(Fig 4) and implied that a significant 
proportion of the patient’s worsening 
status was due to an enlarging necrotic 
mass rather than viable tumor.’ A bi- 
opsy specimen showed necrotic tissue 
with few viable tumor cells and con- 
firmed the PET scan impression. 


COMMENT 


Although no single metabolic pat- 
tern describes neoplastic metabolism, 
it is clear that malignant gliomas are 
in a state of high aerobic glycoly- 
sis.*!*!7 The molecular basis of this al- 
tered metabolism relates to increased 
hexose transport and decreased gluco- 
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neogenesis resulting from changes in 
activities of the corresponding 
enzymes.'”!’ A metabolic shift toward 
glycolysis presumably supports the 
proliferative capability of malignant 
cells, thus conferring a selective 
advantage." This disordered and high 
degree of glucose utilization, as com- 
pared with the surrounding nontumor 
tissue, translates into a relative “hot 
spot” on PET scans with fludeoxyglu- 
cose F 18 allowing visualization of the 
tumor.** 

Since chemotherapy is lethal to a 
certain proportion of malignant, met- 
abolically active cells, it seems unusual 
to find an increase in fludeoxyglucose F 
18 uptake by the tumor (ie, for the tu- 
mor to become “hotter” 24 hours after 
treatment.” High-dose methotrex- 
ate produces a profound, dose-depen- 
dent depression of cerebral glucose 
metabolism in rat brain in vivo.” In 
the reported case of PET scans with 
fludeoxyglucose F 18 prior to and 1 day 
after administration of high-dose 
methotrexate to a single patient with 
medulloblastoma, fludeoxyglucose F 
18 uptake decreased despite an in- 
crease in brain capillary perme- 
ability.'! Since methotrexate depresses 
glycolysis in vitro, this was an intu- 
itively reasonable observation. 

To our knowledge, none of the cyto- 
toxic agents in the eight-drugs-in-1- 
day regimen has a primary or direct 
effect on cellular respiration and hex- 
ose metabolism. Lomustine,” cis- 
platin,” dacarbazine,” cytarabine,” 
and hydroxyurea” induce DNA dam- 
age and inhibit DNA synthesis. Vin- 
cristine sulfate” binds to tubulin, com- 
promises the structural integrity of 
the cell, and interrupts mitosis and 
solute transport across the membrane. 

Procarbazine hydrochloride” also 
inhibits DNA and protein synthesis. 
Its maximum effect occurs 4 to 8 hours 
after administration and is no longer 
apparent after 8 to 24 hours. In malig- 
nant cells, procarbazine might produce 
a modest inhibition of oxidative phos- 
phorylation and an increase in the in- 
tracellular concentration of interme- 
diate species of anaerobic glycolysis, 
although it otherwise induces no 
change in oxygen uptake or carbon di- 
oxide production. 

Methylprednisolone sodium succi- 
nate most likely has an effect on brain 
and tumor similar to that of other 
glucocorticoids. Dexamethasone de- 
creases cerebral blood flow and blood 
volume and probably causes vasocon- 
striction of cerebral blood vessels” in 
the brains of patients with gliomas. 
Glucocorticoids also appear to de- 
crease the permeability of tumor cap- 


illaries to small hydrophilic mole- 
cules.* Dexamethasone does not affect 
oxygen utilization by the brain,” but 
its direct effect, if any, on glucose me- 
tabolism to our knowledge has not 
been studied. 

The possibility that the effect on the 
rCMRGlu that we observed represents 
an epiphenomenon secondary to the 
fluid, glucose, and mannitol load ad- 
ministered during chemotherapy war- 
rants discussion. Although blood glu- 
cose levels might rise substantially 
during the course of intravenous 
hydration with glucose-containing 
fluids,”’ our data obtained during quan- 
titation of the fludeoxyglucose F 18 
studies indicated that blood glucose 
levels were normal and stable by the 
time the PET studies were carried out. 
The blood glucose level would only be- 
come an issue relative to the rCMRGlu 
during hypoglycemia. At glucose con- 
centrations below the Michaelis con- 
stant for the brain glucose transport 
system, the amount of glucose trans- 
ported into brain, and hence rCMRGlu, 
would vary as a function of blood glu- 
cose levels. Hyperglycemia, even if 
present, should not have affected 
rCMRGlu or the glucose utilization 
ratio.” ; 

The volume of fluids and mannitol 
administered to our patients during 
chemotherapy was substantial. We 
wondered whether this fluid volume 
could have altered cerebral flow dy- 
namics in any way. Recent evidence 
suggests that hyperglycemia, which 
may have occurred during administra- 
tion of chemotherapy, if anything, 
causes a decrease in cerebral blood 
flow.®™! Methylprednisolone would 
also tend to decrease cerebral blood 
flow.” Even though the intracranial 
pressure dynamics of some patients 
were potentially precarious at the time 
of therapy, as evidenced, for example, 
by an exquisite sensitivity to their 
dexamethasone dose, none of our pa- 
tients showed clinical evidence of in- 
creased intracranial pressure during 
or shortly after a cycle of chemother- 
apy. Since PET scans were obtained 
after fludeoxyglucose F 18 had reached 
a steady state, it is unclear that an in- 
crease in cerebral blood flow secondary 
to the administration of mannitol 
would result in an altered rCMRGlu. 
To more adequately address this issue 
would require concomitant studies of 
cerebral blood flow, cerebral blood vol- 
ume, and cerebral metabolism in sim- 
ilarly treated patients. 

No evidence suggests that chemo- 
therapy altered the blood-brain bar- 
rier in our patients''**; had it occurred, 
it is unlikely to have altered the 
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rCMRGlu,® again, because scans were 
obtained after fludeoxyglucose F 18 
had reached a steady state.! Further- 
more, methotrexate increases cerebral 
capillary permeability, yet it decreases 
fludeoxyglucose F 18 uptake by tumor 
the day after treatment,!! an effect 
possibly due to damage of the hexose 
carrier. 

The number of scans we could per- 
form on any one patient was limited by 
the overall radiation burden allowable 
to each individual.** We anticipated 
that scans at 24 hours and 7 days after 
chemotherapy would reveal a progres- 
sive decrease in glucose utilization ra- 
tios, indicating that a population of 
malignant cells sensitive to the admin- 
istered drugs was being destroyed. 
This was the likely explanation for the 
results obtained when the tumor en- 
ergy state of a single patient with ma- 
lignant glioma was probed in vivo with 
phosphorus magnetic resonance spec- 
troscopy before and after intra-arte- 
rial treatment with carmustine.* 
Phosphocreatine levels in the tumor 
decreased 40% 8 hours after treatment 
and were back within 20% of control 
values after 32 hours. No information 
was obtained 24 hours after treatment, 
but those findings are consistent with 
our concept that the increased 
rCMRGlu observed in our serial scans 
was unlikely to be related to an in- 
crease in the energy charge of the 
tissue.** As we obtain further informa- 
tion about the time course of acute 
metabolic changes relative to chemical 
debulking in tumors, we believe that 
an optimal interval for administration 
of subsequent cycles of chemotherapy 
or treatment interventions might be 
identified.” + 

At present, we can only speculate as 
to the nature of our observation of in- 
creased tumor rCMRGlu activity and 
its genesis. None of the drugs in the 
eight-drugs-in-l-day chemotherapy 
regimen primarily target the enzymes 
of glycolysis; only procarbazine might 
have an inhibitory effect on oxidative 
phosphorylation. One could speculate 
that the combined effect of the cyto- 
toxic agents on cellular respiration 
was to uncouple oxidative phosphory- 
lation and induce futile metabolic cy- 
cling. Alternatively, if DNA synthesis 
was affected by therapy, cells might 
divert glucose to the production of ri- 
bose phosphates through the pentose 
shunt for the synthesis of nucleosides 
via salvage pathways or for production 
of the reduced form of nicotinamide- 
adenine dinucleotide phosphate 
(NADPH) to scavenge free radicals.” 

One might further speculate as to 
whether the phenomenon of increased 
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tumor rCMRGlu originated from a 
subpopulation of cells or from all ma- 
lignant cells. If it originated from the 
chemoresistant subpopulation of cells, 
it could represent a mechanism for 
synchronization, release from growth 
arrest, and tumor overgrowth follow- 
ing ineffective chemotherapy. If it 
originated from chemosensitive cells 
only, the phenomenon might herald 
cell death and hence tumor debulking. 

It is impossible to answer these 
questions from our data. Although ev- 
ery effort was made to use uninvolved 
white matter to calculate ratios, glio- 
mas may infiltrate parts of the brain 
without being evident on imaging 
studies; consequently, measurements 
on contralateral white matter to de- 
termine the activity ratios may vary 
with the extent of infiltration of the 
tumor. However, the rCMRGlu in un- 
involved brain did not change signifi- 
cantly following chemotherapy, which 
could indicate that an intact blood- 
brain barrier protected the brain from 
cytotoxic drugs. 

In summary, we have confirmed pre- 
vious reports that PET scans with 
fludeoxyglucose F 18 are useful to fol- 
low the clinical progress of patients 
with malignant gliomas.*!! In this 
study, we observed a previously unre- 
ported phenomenon, namely, that tu- 
mor fludeoxyglucose F 18 uptake in- 
creased measurably and reproducibly 
within 24 hours after administration 
of a complex chemotherapy regimen to 
patients (Figs 2 and 4). In one patient 
studied at closer intervals, this in- 
creased uptake was decreasing toward 
baseline by 4 days after chemotherapy. 
However, we have no data relative to 
the dynamics of this acute metabolic 
alteration at times earlier than 24 
hours after chemotherapy or between 
days 1 and 4 after chemotherapy. 
Therefore, we are reluctant to state 
that the fludeoxyglucose F 18 uptake 
had necessarily reached its maximum 
value at 24 hours. 

It would be worthwhile to obtain 
similar data from patients treated 
with a single-agent chemotherapy reg- 
imen. This would allow the unique op- 
portunity to observe the direct effects 
of a cytotoxic drug on tumor rCMRGlu 
over time while avoiding some of 
the confounding variables discussed 
above. In addition, it seems important 
to determine both daily fluctuations of 
fludeoxyglucose F 18 uptake following 
chemotherapy and daily relationships 
between rCMRGlu and regional cere- 
bral blood flow relative to serial obser- 
vations in treated and nontreated pa- 
tients with central nervous system tu- 
mors. 
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Abnormal Ocular Pneumoplethysmographic Results 
in Unilateral Neovascular Glaucoma 


Eric P. Shakin, MD; Thomas M. Bosley, MD; William Gee, MD; James Reed III, PhD; 
Gary C. Brown, MD; Robert C. Sergott, MD; Peter J. Savino 


è Little is known about the predictive 
value of ocular pneumoplethysmography 
in patients with ophthalmic disease. We 
evaluated eight patients with unilateral in- 
creased intraocular pressure due to ne- 
ovascular glaucoma who did not have ev- 
idence of severe extracranial carotid 
stenosis by duplex scanning and continu- 
ous-wave Doppler ultrasound. The oph- 
thalmic systolic pressure measured by oc- 
ular pneumoplethysmography was de- 
creased in the affected eye of all eight 
patients, indicating that neovascular glau- 
coma may be a cause of abnormal ocular 
pneumoplethysmographic results. Pa- 
tients with neovascular glaucoma tended 
to have larger interocular ophthalmic sys- 
tolic pressure differences than other pa- 
tients with false-positive ocular pneumo- 
plethysmographic results by noninvasive 
criteria. 

(Arch Neurol. 1989;46: 1308-1310) 


cular pneumoplethysmography 
(OPG-Gee) is a sensitive and reli- 
able carotid noninvasive test,! but lit- 
tle is known about the predictive value 
of OPG-Gee in patients with ocular 
disease. Increased intraocular pres- 
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sure (IOP) has been reported to have 
no effect on OPG-Gee testing,” but we 
found abnormal OPG-Gee results in 
several patients with unilateral ne- 
ovascular glaucoma who had no evi- 
dence of significant extracranial 
carotid artery stenosis by duplex 
scanning or continuous-wave Dop- 
pler ultrasound. This observation 
prompted the study of additional pa- 
tients with neovascular glaucoma to 
determine if abnormal OPG-Gee re- 
sults are consistent in this ophthalmo- 
logic problem. 
PATIENTS AND METHODS 


Nine patients with unilateral severe ne- 
ovascular glaucoma were studied in the 
Wills Eye Hospital (Philadelphia, Pa) Vas- 
cular Studies Laboratory between January 
1 and December 31, 1987, with OPG-Gee, 
duplex scanning, and continuous-wave 
Doppler ultrasound to evaluate the possi- 
bility of carotid atherosclerotic disease. 
Each patient had a complete ophthalmo- 
logic examination within 1 week of carotid 
noninvasive evaluation, and IOP was mea- 
sured by Goldmann applanation tonometry 
immediately prior to testing. 

One patient had ultrasound evidence of 
hemodynamically significant extracranial 
carotid artery disease and was excluded 
from further evaluation because significant 
carotid stenosis is known to cause abnormal 
OPG-Gee results. Eight patients had uni- 
lateral neovascular glaucoma without evi- 
dence by duplex scanning of hemodynami- 
cally significant extracranial carotid artery 
stenosis (Table 1). The cause of iris neovas- 
cularization was proliferative diabetic 
retinopathy in four patients and ischemic 
central retinal vein occlusion in four pa- 
tients. Three patients had panretinal pho- 


tocoagulation in the affected eye prior to 
developing neovascular glaucoma. No pa- 
tient had iris neovascularization or ele- 
vated IOP in the unaffected contralateral 
eye. Mean IOP was 53.5 mm Hg in the eye 
with neovascular glaucoma and 16.6 mm Hg 
in the unaffected eye. Each patient had an 
IOP difference between the two eyes of at 
least 25 mm Hg. 

Ocular pneumoplethysmography was 
performed with a pneumoplethysmograph 
(Model OPG-3LP, Electro-Diagnostic In- 
struments, Burbank, Calif) in the recom- 
mended fashion.' Ophthalmic systolic pres- 
sure (OSP), the IOP at which detectable 
blood flow reappeared in each globe, was 
recorded and compared with the brachial 
systolic pressure measured with a cuff and 
stethoscope using the standard nomogram. 
Ocular pulse amplitude, the maximum am- 
plitude of the pulse wave-form, was also 
measured for each eye. Duplex scanning 
(Biosound 2000SA, Biosound, Inc, Indianap- 
olis, Ind), and continuous-wave Doppler ul- 
trasound (Echoflow II, Waltham Precision 
Ine, Waltham, Mass) were also performed. 

Results of noninvasive testing in patients 
with neovascular glaucoma were compared 
with a control population consisting of all 
patients studied with OPG-Gee and duplex 
scanning in the Vascular Studies Labora- 
tory during the same period who were older 
than 50 years, did not have the diagnosis of 
glaucoma, and had no evidence of hemody- 
namically significant extracranial carotid 
stenosis. Intraocular pressure was not 
known in these patients. 

Student’s ¢ test was used to assess the 
differences between the glaucomatous eye 
and unaffected eye and between the glau- 
coma group and control group. A Bonfer- 
roni adjusted significance level of .007 was 
used to compensate for type I errors due to 
multiple statistical tests. 
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om 


p 


IOP, mm Hg 


eee OU 


Patient No./ 
Age, y/Sex 


3/55/M 
4/79/F 
5/73/M 
6/75/M 
7/66/M 
8/80/F 


Stenosis, % 


CRVO, HBP, PRP 
PDR, PRP, DM 
50 CRVO, HBP 
10 CRVO, HBP, PRP 
10 PDR, DM 
0 PDR, DM 





*VA indicates visual acuity; IOP, intraocular pressure; NLP, no light perception; PDR, proliferative diabetic 
retinopathy; HBP, hypertension; DM, diabetes mellitus; CRVO, central retinal vein occlusion; CVA, stroke; and 


PRP, panretinal photocoagulation. 


HR, No. of 
Beats per 


Minute 





* BSP indicates brachial systolic pressure; HR, heart rate; OSP, ophthalmic systolic pressure; OPA, ocular 
pulse amplitude; GLAU, glaucomatous eye; and UNAF, unaffected eye. 


Table 3.—Carotid Noninvasive Data* 


Glaucoma 


Variable Group 


No. of patients 


Sex, M/F 4/4 


120/128 


Controls 


_—e———r—r—————— O00 


Normal Abnormal 


113/121 7/7 


BSP, mm Hg (SD) 167 (25) 151 (22) 149 (21) 169 (24) 


Heart rate, No. of beats 
per minute (SD) 

Carotid stenosis, % 
Ipsilateral (SD) 
Contralateral (SD) 

Interocular OSP difference, 
mm Hg 

Mean (SD) 


74 (13) 


18 (14) 


14.9 (9.0) 


69 (12) 


13 (13) 


0.8 (2.5) 


69 (11) 73 (15) 


14 (14) 17 (12) 


15 (15) 


0.5 (2.1) 4.8 (4.6) 





* in the control group, normal indicates normal ocular pneumoplethysmographic results and abnormal, abnor- 
mal ocular pneumoplethysmographic results. BSP indicates brachial systolic pressure; OSP, ophthalmic systolic 


pressure. 


RESULTS 


The results of OPG-Gee testing are 
shown in Table 2. All eight study 
patients had OSP at least 5 mm Hg 
lower in the eye with neovascular glau- 
coma than in the unaffected eye, al- 
though only one OSP value fell below 
the normal range predicted from bra- 
chial systolic pressure. Ocular pulse 
amplitude was quite variable but was 
not significantly different between 
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glaucomatous and unaffected eyes 
(t = 0.27, P > .50). 

The control group consisted of 248 
patients (120 men and 128 women) 
with ages ranging from 51 to 86 years 
(Table 3). Mean interocular difference 
in OSP was 0.79 mm Hg, which dif- 
fered significantly from the mean in- 
terocular OSP difference of 14.9 mm 
Hg in the study population (t = 24.08, 
P <.001). 
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Eight patients in the control group 
had OSP differences between the two 
eyes of greater than 5 mm Hg, and in 
six additional patients, one or both 
OSP values fell below the normal 
range predicted from brachial systolic 
pressure. These patients also met ac- 
cepted criteria for abnormal OPG-Gee 
results and, like the study group, had 
no independent evidence of hemody- 
namically significant carotid stenosis. 
The study group was indistinguishable 
from this group in age, sex, or degree 
of carotid stenosis. Patients with ne- 
ovascular glaucoma had larger in- 
terocular OSP differences. 

In the neovascular glaucoma group, 
mean carotid stenosis was 20% ipsi- 
lateral to the eye with neovascular 
glaucoma and 14% on the contralat- 
eral side, but the difference of these 
means was not statistically signifi- 
cant. The mean extracranial carotid 
artery stenosis of 13.3% in the control 
group was not significantly different 
from that of patients with neovascular 
glaucoma. 


COMMENT 


In recent years, noninvasive evalua- 
tion of the extracranial carotid arter- 
ies has taken on greater importance 
in the detection of atherosclerotic dis- 
ease.’ Ocular pneumoplethysmogra- 
phy is a sensitive and specific test for 
detecting hemodynamically signifi- 
cant carotid artery disease! and is a 
common component of carotid nonin- 
vasive testing.’ Giant cell arteritis, a 
systemic vasculitis with predomi- 
nantly visual manifestations, alters 
OPG-Gee results,° but little is known 
about the effect of other ophthalmo- 
logic disorders on OPG-Gee testing. 
We describe here abnormal OPG-Gee 
results in eight patients with neovas- 
cular glaucoma. 

Criteria for abnormal OPG-Gee 
testing include an interocular OSP 
difference of greater than 5 mm Hg or 
OSP values falling below a normal 
range predicted from brachial systolic 
pressure.' These criteria were estab- 
lished by a statistical analysis of pa- 
tients with conventional carotid arte- 
riography showing no evidence of he- 
modynamically significant carotid 
stenosis. Recognized causes of abnor- 
mal test results when OPG-Gee results 
are compared with duplex scanning 
and Doppler ultrasound of the extra- 
cranial carotid system include: (1) in- 
strument error in older devices; (2) 
tortuous carotid artery causing func- 
tional stenosis*’; (3) hemodynamically 
significant stenosis of the common ca- 
rotid artery or carotid bifurcation not 
detected by duplex scanning (false- 
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negative duplex scanning); (4) hemo- 
dynamically significant stenosis of the 
internal carotid or ophthalmic artery 
beyond the area visualized by duplex 
scanning; and (5) statistical variability 
(because some normal individuals will 
fall beyond two SDs from the normal 
mean). 

Ophthalmic systolic pressure was 
decreased ipsilateral to the eye with 
neovascular glaucoma in all eight pa- 
tients in this series who had no evi- 
dence by duplex scanning or Doppler 
ultrasound of hemodynamically sig- 
nificant stenosis of the extracranial 
carotid arteries. During the same time 
period, less than 6% of patients in the 
same age range without neovascular 
glaucoma had abnormal OPG-Gee re- 
sults without evidence by noninvasive 
testing of hemodynamic carotid steno- 
sis. This low rate of abnormal OPG- 
Gee results is in agreement with re- 
ports from other laboratories’ and 
contrasts starkly with a 100% abnor- 
mal OPG-Gee rate in neovascular 
glaucoma. Therefore, unilateral ne- 
ovascular glaucoma with striking IOP 
elevation should be considered another 
possible cause of abnormal OPG-Gee 
test results. These results do not ad- 
dress the issue of whether idiopathic 
glaucoma with more modest asymme- 
tries in IOP might affect OPG-Gee re- 
sults. 

Several factors may contribute to 
decreased OSP in neovascular glau- 
coma. Iris neovascularization may be 
one manifestation of the ocular is- 
chemic syndrome,’ and it is possible 
that each patient with neovascular 
glaucoma had a hemodynamically sig- 
nificant stenosis of the intracranial 
internal carotid artery or ophthalmic 
artery. However, these patients did 
not meet the clinical criteria for the 
ocular ischemic syndrome.’* Central 
retinal vein occlusion, proliferative di- 
abetic retinopathy, or panretinal pho- 
tocoagulation might disturb the reti- 
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nal or choroidal circulation,’ although 
they have not been reported to cause 
abnormal OPG-Gee results. 

These patients had striking unilat- 
eral elevations in IOP with interocular 
IOP differences greater than 25 mm 
Hg in every case. Intraocular pressure 
asymmetry has not been recognized 
as a significant factor in OPG-Gee 
testing,’ but previous reports did not 
evaluate patients with interocular dif- 
ferences in IOP as large as those in the 
present group. The OPG-Gee tech- 
nique assumes that IOP is elevated to 
equal levels bilaterally when the same 
vacuum is applied to both eyes, but this 
assumption may be incorrect when one 
eye has a significantly elevated resting 
IOP compared with the other. Intraoc- 
ular pressure in glaucomatous eyes 
may have been elevated during OGP- 
Gee testing to levels higher than an- 
ticipated so that apparent OSP was 
artifactually reduced when compared 
with the normal eye. Interocular IOP 
differences did not correlate signifi- 
cantly with interocular OSP differ- 
ences, as might be expected if this hy- 
pothesis were correct. However, ne- 
ovascular glaucoma may be associated 
with a profound derangement of pres- 
sure and mechanical factors in the 
globe, and the relationship between 
vacuum application and IOP change in 
the glaucomatous eye may be different 
from that in normal eyes. 

Many patients with abnormal OPG- 
Gee results are subsequently evalu- 
ated with more extensive and invasive 
carotid studies because of the possibil- 
ity that extracranial stenosis of the 
carotid artery might be treatable with 
carotid endarterectomy. Physicians 
involved in carotid noninvasive testing 
should realize that unilateral neovas- 
cular glaucoma with strikingly ele- 
vated IOP is one possible cause of ab- 
normal OPG-Gee results, and these 
individuals should be spared further 
testing unless there is evidence by du- 


plex scanning of significant athero- 
sclerotic disease at the carotid bifur- 
cation. These patients may have a dis- 
turbance of blood flow to the globe at a 
more distal point (intracranial inter- 
nal carotid artery, ophthalmic artery, 
posterior ciliary arteries, or choriocap- 
illaris), but a stenosis in one of these 
locations would not be treatable by ex- 
tracranial carotid surgery. If an accu- 
rate ophthalmologic history is not 
available at the time of noninvasive 
testing, clues about the presence of ne- 
ovascular glaucoma may be obtained 
from a history of total blindness in the 
involved eye and from the magnitude 
of OSP difference between the two 
eyes. 


Dr Gee is coinventor of the ocular pneumo- 
plethysmograph and receives royalty payments 
from, and is a paid consultant to, Electro-Diag- 
nostic Instruments. 
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Cryptococcal Meningitis 


False-Negative Antigen Test Results and Cultures in 
Nonimmunosuppressed Patients 


Lisa Berlin, MD, Jonathan H. Pincus, MD 


è All cases of cryptococcal meningitis 
at Yale-New Haven (Conn) Hospital seen 
during a 42-year period were reviewed to 
calculate the rate of false-negative anti- 
gen test results and cultures preceding di- 
agnosis. Of 13 patients, 9 were immuno- 
suppressed and were diagnosed following 
the initial lumbar puncture, with both anti- 
gen test results and cultures positive in all 
cases. Among 4 nonimmunosuppressed 
patients, the rate of false-negative antigen 
test results was 77%, and of cultures, 
89%. The diagnosis was consequently de- 
layed in 3, 2 of whom died despite treat- 
ment. Cryptococcal meningitis may be un- 
derdiagnosed and undertreated to a sig- 
nificant degree in nonimmunosuppressed 
patients. 

(Arch Neurol. 1989;46:13 12-1316) 


Cryptococcus neoformans is one of 

the most common causes of human 
fungal meningitis.' The incidence of 
this fatal disease has escalated in re- 
cent years as the number of immuno- 
suppressed patients has increased in 
association with corticosteroid and cy- 
totoxic drug therapy, organ trans- 
plants, and the acquired immunodefi- 
ciency syndrome (AIDS).?“ 


Accepted for publication March 8, 1989. 

From the Department of Neurology, Yale Uni- 
versity School of Medicine, New Haven, Conn. Dr 
Pincus is now with the Department of Neurology, 
Georgetown University School of Medicine, 
Washington, DC. 

Presented in part at the annual meeting of the 
American Academy of Neurology, New York, NY, 
April 8, 1987. 

Reprint requests to Department of Neurology, 
Georgetown University School of Medicine, 3900 
Reservoir Rd NW, Washington, DC 20007 (Dr 
Pincus). 
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Cryptococcal meningitis can pose a 
diagnostic challenge to clinicians. A 
definitive diagnosis can be made by 
isolation of the organism in cultures or 
by histopathologic identification in 
biopsy specimens.*’ Cryptococcal cul- 
tures are known to have a low sensi- 
tivity, however, and brain tissue is 
difficult to obtain.**"° Therefore, cryp- 
tococcal antigen testing by latex ag- 
glutination, a rapid test with high 
specificity, has become standard pro- 
cedure in many hospitals in combina- 
tion with routine cultures.'!'* 

Since neither antigen testing nor 
cultures are perfectly sensitive, false- 
negative results are possible. This 
retrospective study was designed to 
calculate the rate of false-negative 
cryptococcal antigen test results and 
cultures at Yale-New Haven (Conn) 
Hospital with a view to estimating the 
extent to which the disease may be un- 
derdiagnosed. 


PATIENTS AND METHODS 


This study of cryptococcal antigen test 
and culture results for cerebrospinal fluid, 
covering the period January 1982 through 
July 1986, was based on review of the clin- 
ical laboratory records of all the approxi- 
mately 3000 specimens received for fungal 
studies at Yale-New Haven Hospital. Each 
patient with cerebrospinal fluid positive in 
any way for Cryptococcus during that pe- 
riod was identified and the corresponding 
patient charts were then reviewed for clin- 
ical information to see which patients re- 
ceived a diagnosis of cryptococcal meningi- 
tis and when during the clinical course the 
diagnosis was made. This review disclosed 
every patient with positive findings by any 
of the following procedures: India ink 


smears; culture in brain-heart infusion 
broth and in some cases plating on sheep 
blood agar with incubation for 30 days at 
30°C; cryptococcal antigen testing by latex 
agglutination using either the Crypto-LA 
kit (International Biological Labs Inc, 
Cranbury, NJ) or the Crypto-Test kit (M. A. 
Bioproducts, Walkersville, Md). The kit 
testing was done using half the recom- 
mended amount of reagent with a propor- 
tional reduction in the specimen size. 

In reviewing patient charts, particular 
attention was paid to the number of cryp- 
tococcal antigen tests and cultures per- 
formed on cerebrospinal fluid and their 
timing during the clinical course in patients 
ultimately diagnosed as having cryptococ- 
cal meningitis. 

Statistical analysis consisted of correlat- 
ing the number of negative antigen test re- 
sults preceding diagnosis with the total 
number of antigen tests, and likewise cor- 
relating the number of negative cultures 
with the total number of cultures. In this 
way, the rates of false-negative antigen test 
results and cultures were determined. In 
addition, the patients were divided into two 
groups depending on whether or not they 
were immunosuppressed, and calculations 
were performed separately for each. Fi- 
nally, the number of false-positive antigen 
titers was related to the total number of 
antigen tests performed. 


RESULTS 


Laboratory and clinical records in- 
dicated that there were 14 cases of 
cryptococcal infection involving the 
central nervous system at Yale-New 
Haven Hospital from January 1982 
through July 1986 for which a crypto- 
coccal antigen test result or culture 
was positive in the cerebrospinal fluid 
at some point during the illness. A di- 
agnosis of cryptococcal meningitis was 
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Table 1.—Cerebrospinal Fluid Findings in Four Nonimmunosuppressed Patients With Cryptococcal Meningitis * 


Patient Date Fungal Cryptococcal Cryptococcal White Blood Cell 
No. of Tap Culture Antigen Antibody Count, X 10°/L 

1 5/11/83 N 5 ee 200 

5/12/83 N N N 120 

5/17/83 N N N 41 

6/2/83 N N 350 

8/25/83 N N 150 

9/15/83 N — 310 

11/7/83 N N N 370 

12/20/83 N N N 310 

12/22/83 P ETF w 520 

2 7/21/82 N N N 8 

7/22/82 N N N 75 

8/5/82 N N N 49 

8/11/82 N N N 20 

8/28/82 N N N 9 

1/23/83 N 1:32 1:4 1800 

3 3/15/86 Nt 10 


4/20/86 


*N indicates negative; P, positive. 


P E 17 
ESI 1:8 74 


P 0 
4 12/22/83 N 0.49 0.36 0.15 


Lymphocytes Granulocytes Monocytes 
0.20 0.76 0.04 
0.21 0.76 0.03 
0.72 0.19 0.09 
0.11 0.88 0.01 
0.83 0.10 0.07 
0.03 0.94 0.03 
0.31 0.62 0.07 
0.20 0.71 0.09 
0.17 0.74 0.09 
1.00 oe ants 
0.81 0.05 0.14 
0.98 0.01 0.01 
1.00 
1.00 fyt Lies 
0 0.85 0.15 
ate >0.50 nae 
0.80 0.20 


+This lumbar puncture and cerebrospinal fluid culture were performed at another hospital prior to the patient's transfer to Yale-New Haven Hospital. 


Table 2.—Rates of False-Negative Cerebrospinal Fluid Cultures and Antigen Tests in 


Cryptococcal Meningitis 





Total 
No. of 
Cultures 


No. of 
Patients 


Patient 
Group 


No. of 
Negative 
Cultures 


Rate of 
False- 


No. of Rate of Negative 

Total Negative False- Antigen 
No. of Antigen Negative Test 

Antigen Test Cultures, Results, 


Tests Results % 


Nonimmuno 
suppressed 
patients 


27 16 22 10 5 
18 16 13 10 8 
9 0 9 0 


Immuno- 
suppressed 
patients 9 


made in 13 patients based on a positive 
culture and/or a positive antigen test 
result that was associated with an in- 
flammatory cerebrospinal fluid (de- 
fined by a leukocyte count of =6 X 10°/ 
L). A 14th patient had a cerebral cryp- 
tococcal granuloma with associated 
meningitis, but the diagnosis was 
made by biopsy without a presurgical 
lumbar puncture, and the patient was 
therefore excluded. There were no iso- 
lated positive India ink smears. In all 
cases, the pathogenic organism was 
identified as Cryptococcus neofor- 
Mans. 

Of the 13 patients studied, 9 were 
immunosuppressed on the basis of 
AIDS (6 patients) or a history of cor- 
ticosteroid therapy (3 patients). Ste- 
roid therapy was given for systemic 
lupus erythematosus, Wegener’s gran- 
ulomatosis, and chronic refractory 
anemia (1 case each). The patient with 
lupus also had received azathioprine 
therapy. In the nonimmunosuppressed 
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o % 

All patients 13 9 45 
4 9 77 

0 0 


group were 3 patients with no coexist- 
ing conditions and 1 with diabetes 
mellitus but no known complications. 
(Since there is disagreement as to 
whether a clear association exists be- 
tween diabetes mellitus and an in- 
creased risk of cryptococcal infection, 
we did not group this patient with the 
patients with AIDS and the steroid- 
treated patients, in whom an increased 
risk is well documented.'””’) 

All patients with AIDS had an acute 
onset of symptoms (history of less 
than 2 weeks at presentation), while 
the steroid-treated patients had a su- 
bacute or chronic history (1 to 6 
months). The four nonimmunosup- 
pressed patients had noted symptoms 
for from 2 months to 2 to 3 years. 

The patients ranged in age from 28 
to 92 years. Ten were men and 3 were 
women. Ten complained of headache. 
Only 4 were febrile on admission. 
Other neurologic signs and symptoms 
at presentation included dementia (4 


patients), lethargy (4), stiff neck (4), 
cranial nerve deficits (4), confusion (3), 
vomiting (3), ataxia (3), seizures (3), 
syncope (3), extremity muscle weak- 
ness (2), upgoing toes (2), sensory loss 
(1), and urinary incontinence (1). On 
computed tomographic scanning of the 
head, 1 patient had a temporal lobe 
mass with dilatation of the ventricles. 
A second patient had multiple ring- 
enhancing lesions, while 2 others dem- 
onstrated increased ventricular size 
only. 


Initial Taps 


Ten patients were diagnosed follow- 
ing the initial lumbar puncture. Nine 
of these patients, all immunosup- 
pressed, had both a positive antigen 
test result and culture. This included 
one patient with AIDS with a positive 
India ink smear, culture, and antigen 
and decreased glucose, but no pleocy- 
tosis or change in protein level. In the 
steroid-treated patients, the antigen 
titer was 1:1000 or less. In the patients 
with AIDS, the titer ranged up to 
1:32000. All 4 nonimmunosuppressed 
patients had at least one false-nega- 
tive antigen test result or culture 
(Table 1). Consequently, in 3 cases the 
diagnosis was not made on the initial 
lumbar puncture and was delayed for 
periods of 1 month, 6 months, and 8 
months, respectively. Two of these pa- 
tients died. 

The rate of false-negatives (Table 2), 
calculated by dividing the number of 
negative test results by the total num- 
ber of tests, for nonimmunosuppressed 
patients was 77% (10 of 13) for the an- 
tigen test, while false-negative cul- 
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tures occurred at a rate of 89% (16 of 
18). Since the diagnosis was made on 
the initial tap for all immunosup- 
pressed patients, with both a positive 
antigen test result and culture, the 
false-negative rate for both tests in 
this group was zero. 


False-Positive Antigen Test Results 


Of approximately 3000 antigen tests, 
three specimens (0.1% ) from three in- 
dividual patients were considered 
false-positives. Of these, one patient 
had AIDS and his cerebrospinal fluid 
was positive for human immunodefi- 
ciency virus. There was no increase of 
protein or cells in that specimen, and 
three subsequent cerebrospinal fluid 
specimens were negative with regard 
to India ink smear, cryptococcal cul- 
ture, and antigen. The other two pa- 
tients were not immunosuppressed 
and had nonspecific symptoms. Rou- 
tine testing of otherwise normal cere- 
brospinal fluid revealed positive cryp- 
tococcal antigen but a repeated exam- 
ination in both cases did not confirm 
its presence. 


REPORT OF A CASE 


A 55-year-old black woman had been in 
excellent health until March 1982, when she 
first experienced headaches that gradually 
increased in frequency and intensity. In the 
spring of 1983 she developed anorexia, 
cachexia, confusion, and severe headaches. 
She had a left sixth-nerve palsy and weak- 
ness and decreased sensation in both lower 
extremities. Results of a computed tomo- 
graphic scan of her head were normal. 

During her first hospital admission she 
had three lumbar punctures, including a 
C1-2 puncture, all of which demonstrated 
pleocytosis, with leukocyte counts of up to 
200 X10°/L (Table 3). There was a consis- 
tent hypoglycorrhachia and increased pro- 
tein. Results of fungal, bacterial, viral, and 
cytologic studies of the cerebrospinal fluid 
were negative, including three fungal cul- 
tures and two cryptococcal antigen tests. 
Biopsy specimens of gastrocnemius and 
quadriceps muscles showed neurogenic at- 
rophy with some myopathic changes. She 
was discharged receiving prednisone with a 
diagnosis of aseptic meningitis. 

During the next several months, pred- 
nisone therapy was discontinued, and she 
had three lumbar punctures revealing per- 
sistent pleocytosis and negative cryptococ- 
cal studies (three cultures and one antigen 
test). 

In October 1983 the patient was readmit- 
ted. A computed tomographic scan of the 
head showed vague enhancement consis- 
tent with meningitis, while a four-vessel 
arteriogram was normal. During that hos- 
pitalization she became hyperreflexic in the 
upper extremities and areflexic in the lower 
extremities. This and increasing urinary 
symptoms led to a myelogram, performed 
via the cisternal route. The myelogram was 
negative, as was cerebrospinal fluid re- 
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Table 3.—Results of Serial Taps In a Nonimmunosuppressed Patient * 


Culture 


White 
Blood Cell 
Count, X 10°/L 


Antigen Antibody 





Volume of 
Type of Cerebrospinal 
Date Puncture Fluid, mL 
5/11/83 Lumbar 1r 
5/12/83 Lumbar 18 
5/17/83 C1-2 20 
6/2/83 Lumbar 8 
8/25/83 Lumbar 
9/15/83 Lumbar ini 
11/7/83 Cisternal 12 
12/20/83 Lumbar ian 
12/22/83 Lumbar 55 


1/6/84 Lumbar 


a) Vi2z\(2jiZIZiziziz 


N N 120 
N N 41 
ND ND 350 
N ND 150 
ND ND 310 
N N 370 
N N 310 
ND ND 520 


a 
=z 


1/10/84 Lumbar wie N N : 270 
2/7/84 Lumbar on N ND 1:1 210 
2/24/84 Lumbar N N N 50 
3/22/84 Lumbar N N N 120 
4/5/84 Lumbar N N N 46 
7/12/84 Lumbar N N N 10 


*N indicates negative; P, positive; and ND, not done. 


moved from the cisternal space during the 
procedure when tested for cryptococcal cul- 
ture and antigen. Electromyography and 
nerve conduction studies of the lower ex- 
tremities showed a polyradiculopathy. She 
was again discharged with a diagnosis of 
chronic aseptic meningitis. 

One month later the patient was read- 
mitted for biopsy of an enhancing lesion 
along the left sylvian fissure noted on com- 
puted tomographic scan. At that time she 
had markedly impaired urinary bladder 
function and a severe headache. Meningeal 
biopsy showed chronic, nonspecific inflam- 
mation, but there was no growth in sepa- 
rate fungal cultures of the dura and arach- 
noid. Following the biopsy she had two 
more lumbar punctures, of which the first 
was negative for culture and antigen. The 
second puncture drained 55 mL of fluid, 
with 40 mL sent for cryptococcal culture. 
Cryptococcus neoformans grew from this 
specimen after 7 days of incubation. Labo- 
ratory records indicated growth in brain- 
heart infusion broth, but there was no 
remaining record of a sheep blood agar cul- 
ture. The specimen was not tested for cryp- 
tococcal antigen. 

On the basis of this single culture, the 
patient was treated with a total of 2 g of 
amphotericin B intravenously over 1% 
months. Approximately 1 month after 
treatment began the cerebrospinal fluid 


- antibody titer was 1:1 and the serum anti- 


body titer was 1:2. The cerebrospinal fluid 
pleocytosis improved, the final specimen 
having a leukocyte count of only 10 X 10°/L. 
The patient experienced improvement in all 
neurologic symptoms including return of 
bladder function, and there was no recur- 
rence in 3 years of follow-up. In her entire 
course of illness she had only one positive 
cryptococcal culture and never had a posi- 
tive cryptococcal antigen titer. 


COMMENT 


This case highlights in a striking 
manner the difficulty in making a di- 


agnosis of chronic cryptococcal men- 
ingitis. Over a period of 8 months the 
patient had eight negative cerebrospi- 
nal fluid cultures and five negative an- 
tigen test results, including Cl-2 and 
cisternal taps negative for both stud- 
ies. She also had a meningeal biopsy by 
which cryptococci could not be demon- 
strated histologically or by culture. 

The diagnostic culture was done 
with 40 mL of fluid that took 7 days to 
yield Cryptococcus. Although diagno- 
sis and treatment were based on this 
sole culture, the subsequent develop- 
ment of cryptococcal antibody in the 
cerebrospinal fluid confirmed the diag- 
nosis. As discussed by Gonyea”! in 
1973, a high-volume tap may have in- 
creased the yield of the culture by pro- 
viding the minimum number of orga- 
nisms necessary for growth if the 
organisms were few or scattered; pos- 
sibly, success resulted from draining 
fluid from regions that had a high con- 
centration of organisms. 

Cryptococcal meningitis can be 
chronic or fulminant and may or may 
not include fever and meningismus. 
The chronic variant is more typical of 
nonimmunosuppressed patients, who 
experience recurrent episodes of head- 
ache, nausea, and cranial nerve pal- 
sies. They may also have hydroceph- 
alus and increased intracranial pres- 
sure. The fulminant type of illness 
tends to occur in immunosuppressed 
patients and often presents acutely.” 
Granuloma is a rare form of crypto- 
coccal disease and can occur in the 
brain parenchyma or along the spinal 
cord.”?? 

Since findings are typically nonspe- 
cific on history and results of physical 
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examination and routine laboratory 
tests, and cerebrospinal fluid white 
blood cell count, glucose, and protein 
may even be normal,” the diagnosis of 
cryptococcal meningitis classically has 
relied on cerebrospinal fluid screening 
with India ink smears confirmed by 
culture. However, these two tech- 
niques have not been adequate. India 
ink staining demonstrates organisms 
in only 60% of patients with positive 
cultures. Cultures may take many days 
to yield growth and have been reported 
to be negative in the initial lumbar 
fluid analysis of up to 25% of patients, 
with subsequently confirmed culture- 
proven cryptococcal meningitis." 

Given the need for a better test for 
cryptococcosis, scientists have looked 
to serologic methods. Both because the 
cryptococcal antigen elicits little hu- 
moral response in most patients and 
because cryptococcal antibody tests 
have low specificity, the cryptococcal 
antibody study is seldom useful in 
diagnosis.'° Detection of the cryptococ- 
cal capsular antigen by latex aggluti- 
nation is becoming the standard 
procedure.” First described by Bloom- 
field et al’ in 1963, the test is rapid and 
specific and has been ascribed a sensi- 
tivity for cerebrospinal fluid of 75% to 
100%.” Any antigen titer may be con- 
sidered diagnostic in association with 
other findings.'?*° Goodman et al and 
Snow and Dismukes” both validated 
the use of the latex agglutination test 
in case reports of cryptococcal menin- 
gitis in which antigen was detected in 
sterile lumbar fluid. 

There have been occasional reports 
of cryptococcal infections that were 
ultimately diagnosed in patients 
whose initial lumbar punctures were 
negative for India ink smear, culture, 
and antigen. Berger and Jaz? in 1976 
described such a patient who, follow- 
ing multiple taps negative for culture 
and antigen, yielded C neoformans ina 
culture of fluid obtained by cisternal 
puncture. In another patient described 
by Haldane et al* in 1986, the fungus 
grew from both ventricular and peri- 
toneal fluid after repeated lumbar taps 
were negative for both culture and 
antigen. Although neither of these pa- 
tients ever had detectable antigen in 
cerebrospinal fluid, these reports serve 
to emphasize the fact that it is possible 
to increase the yield of cultures by ob- 
taining ventricular or cisternal fluid. 
This can be accomplished by directly 
tapping the cisternal or ventricular 
spaces and by draining off and cultur- 
ing large volumes of fluid.?'*“° The 
high yield of these taps is probably re- 
lated to the fact that chronic crypto- 
coccal infection tends to involve pri- 
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marily the basal meninges and sub- 
arachnoid cisterns.” 

In this series the overall rate of 
false-negative antigen test results was 
45%, while the rate of false-negative 
cultures was 59%. This high false- 
negative rate was attributable entirely 
to the nonimmunosuppressed patients, 
a group in which every patient had at 
least one false-negative antigen test 
result or culture. Calculated sepa- 
rately, monimmunosuppressed pa- 
tients had strikingly high false-nega- 
tive rates of 77% for antigen and 89% 
for culture; that is, 10 of 13 antigen test 
results and 16 of 18 cultures were neg- 
ative during untreated cryptococcal 
infection. The illness was relatively 
easy to diagnose in immunosuppressed 
patients since they all had positive 
cultures and antigen on the initial 
lumbar puncture. This was probably 
due to the more fulminant infections in 
that group. 

Three nonimmunosuppressed pa- 
tients and one steroid-treated patient 
demonstrated granulocytosis in the 
cerebrospinal fluid at some point. This 
suggests that the more normal host 
may produce a polymorphonuclear re- 
sponse capable of preventing capsule 
development sufficient to produce de- 
tectable antigen or viable new organ- 
isms. This would account for our find- 
ing of a low yield for cryptococcal an- 
tigen tests and cultures in that patient 
group but not in severely immunosup- 
pressed patients. 

Because all tests were done in one 
hospital, one might argue that the low 
yield resulted from an insensitive 
technique. This is unlikely since all 
immunosuppressed patients were pos- 
itive for both antigen and culture on 
the initial lumbar puncture, and the 
failure to detect cryptococcal infection 
by either method on repeated taps oc- 
curred consistently in only two nonim- 
munosuppressed patients. Also, the 
false-positive rate of 0.1% for antigen 
tests in cerebrospinal fluid is approxi- 
mately the same as those reported by 
Prevost and Newell (0% ),'! Boom et al 
(0.3% ),” Wu and Koo (0%),'* Gordon 
and Vedder (0.2% ),'* and the Centers 
for Disease Control (0% ).2'*” 

The true false-negative rate may ac- 
tually be higher than reported here. 
This study was done by reviewing lab- 
oratory records only for positive cere- 
brospinal fluid findings. Patients with 
disseminated cryptococcal infection 
with central nervous system involve- 
ment whose cerebrospinal fluid cul- 
tures and antigen test results were 
negative despite the presence of ner- 
vous system disease would not have 
come to our attention. 


Our observation of a relatively low 
sensitivity in cerebrospinal fluid for 
the latex agglutination test in certain 
patients is in contrast to previous 
findings.'''* A factor that may account 
for this is the failure of most studies to 
date to distinguish between acute and 
chronic infections, fulminant and low- 
grade infections, immunosuppressed 
and nonimmunosuppressed patients, 
initial taps and subsequent taps, or 
lumbar taps and cisternal or ventricu- 
lar taps. Therefore, they apparently 
have not clearly identified an adequate 
clinical spectrum of disease as defined 
by Ransohoff and Feinstein in 1978.* 
For example, previous studies refer 
only to cases of culture-proven or, for 
a few patients, histologically con- 
firmed disease. Since an infection ag- 
gressive enough to produce a positive 
culture or definitive histologic features 
would be more likely to produce a pos- 
itive antigen titer, low-grade infec- 
tions may have been missed. One pa- 
tient, who never had a positive culture 
and whose meninges were clear at au- 
topsy, would not have been included in 
most previous studies. Further, by re- 
lying on culture-proven disease, previ- 
ous studies have used a standard that 
is known to be unreliable. Conse- 
quently, no study to our knowledge has 
adequately defined the sensitivity of 
the latex agglutination test in cere- 
brospinal fluid. 

One possible explanation for some 
false-negative latex agglutination test 
results was provided by Stamm and 
Polt,” who in 1980 described a phe- 
nomenon attributed to a prozone effect 
that is seen in a fulminant cryptococ- 
cal meningitis. After dilution of the 
cerebrospinal fluid specimen, the anti- 
gen titer becomes positive. Although 
the specimens with falsely negative 
antigen titers described in this article 
were not retested after dilution, the 
infections were low-grade and proba- 
bly involved small numbers of organ- 
isms, since both India ink smears and 
cultures were also negative, so that a 
prozone effect in these cases seems un- 
likely. 

The only way to explain the negative 
cerebrospinal fluid results in our two 
nonimmunosuppressed patients with 
repeated negative taps that preserves 
the popular reputation of the crypto- 
coccal antigen test as absolutely infal- 
lible is to postulate the existence of two 
separate chronic inflammatory ill- 
nesses of the central nervous system in 
each: a mysterious initial one, undiag- 
nosed, resolving spontaneously, with 
cryptococcosis superimposed and fi- 
nally responding to treatment. Al- 
though possible, such a sequence 
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seems highly fanciful and unlikely. 
Early recognition of cryptococcal 
meningitis is important and can affect 
the prognosis." An ultimately fatal 
illness if untreated,” more than 60% of 
patients improve with treatment. 
Treatment consists of intravenously or 
intrathecally administered ampho- 
tericin B, occasionally supplemented 
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by flucytosine. It requires hospitaliza- 
tion and there is a significant risk of 
toxic reactions to the medications.” 
Such a regimen should not be under- 
taken without a high degree of cer- 
tainty about the diagnosis. 

In nonimmunosuppressed patients 
with cerebrospinal fluid pleocytosis in 
whom cryptococcal meningitis is sus- 
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Cortical Pathophysiology and Clinical Neurologic 
Abnormalities in Acute Cerebral Ischemia 


A Serial Study With Single Photon Emission Computed Tomography 


Mario Rango, MD; Livia Candelise, MD; Daniela Perani, MD; Cristina Messa, MD; 


Guglielmo Scarlato, MD; Nicola Canal, MD; Massimo Franceschi, MD; Ferrucio Fazio, MD 


e We studied brain cortical radioactive 
tracer activity in a consecutive series of 
nine patients with acute hemispheric is- 
chemic stroke at their first cerebral is- 
chemic episode. Results from N,N,N’-tri- 
methyl-N’- (2-hydroxy-3-methyl-5-[ 123-I]- 
iodobenzyl)-1,3 propanediamine-2HCI (four 
patients) and technetium Tc 99m hexa- 
methylpropyleneamine oxime (five patients) 
single photon emission computed tomo- 
graphic studies were compared with x-ray 
computed tomography (CT) and clinical 
findings within the first 48 hours, on day 
10, and on day 30 after the clinical ictus. 
Cortical hypoactivity agreeing with the 
Clinical findings was found on all initial 


n recent years attention has been fo- 

cused on the investigation of cere- 
bral ischemic disease by single photon 
emission computed tomography 
(SPECT). This technologic approach, 
less expensive and with fewer logistic 
problems than positron emission 
tomography,’ seems able to provide 
pathophysiologic information that 
could be useful for the treatment of 
patients with acute stroke.? Published 
studies have presented conflicting re- 
sults, showing tracer hypoactivity in 
areas corresponding to ischemic le- 
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scans but not in the follow-up studies. 
Cortical activity on the affected side in pa- 
tients with stroke was significantly lower 
when compared with cortical activity in 
sex- and age-matched controls (n = 21). 
Computed tomography (with contrast) 
was less sensitive in detecting the ische- 
mic lesions. These studies demonstrate 
that in the acute phase of stroke there is a 
single photon emission computed tomo- 
graphic cortical disturbance that agrees 
with clinical findings, even when com- 
puted tomography scan infarction is lim- 
ited to subcortical structures. 
(Arch Neurol. 1989;46:13 18-1322) 


sions only in some patients,** this pos- 
sibly being related to the extreme clin- 
ical variability of the patients ana- 
lyzed. Moreover, it is apparent from 
previous studies that full realization of 
the value of SPECT in cerebral is- 
chemia requires a standardized analy- 
sis of all data collected, not limited to 
the lesion area visualized by computed 
tomography (CT).’ 

To implement such an analysis, we 
studied a continuous series of patients 
with hemispheric ischemic stroke in 
whom neurologic evaluation, SPECT, 
and CT scan were performed within 48 
hours of the clinical ictus. The SPECT 
data analysis was performed on the 
full extent of cerebral cortex across 
multiple slices. We present the results 
of the correlation among SPECT, CT 
scan, and clinical evaluations and a 
comparison with a control group 
matched for age and sex. 

PATIENTS, MATERIALS, AND METHODS 

Patients were eligible if they had perma- 
nent focal neurologic signs, corresponding 


to an internal carotid territory, with onset 
less than 36 hours before entry into the 
study. Patients were excluded if symptoms 
resolved after 24 hours from onset, if they 
had had previous cerebral ischemic events, 
namely, stroke or transient ischemic at- 
tacks, other neurologic disease, or were not 
completely alert at the time of the first 
SPECT scan. In all patients a CT scan was 
first performed to rule out hemorrhage, 
multiple lesions, or a lesion not conforming 
to the clinical symptoms. Clinical examina- 
tion and neurovascular studies (where 
available) supported ipsilateral carotid ar- 
tery disease as the cause of ischemia in all 
patients except patient 1 (Table 1). This 38- 
year-old woman had a normal cerebral an- 
giogram. No definite cause for her stroke 
was found. 

A second CT scan (Toshiba model 80 A), 
a SPECT scan, and both a qualitative and 
quantitative clinical evaluation were then 
performed within a 38-hour period and all 
within 48 hours (mean [ + SD] delay, 25 + 6 
hours) after the onset of symptoms. Com- 
puted tomographic scans were graded ac- 
cording to a three-grade scale, where 1 is 
normal, 2 is a small lesion (maximum lesion 
diameter <2 cm both in transverse and ax- 
ial plane), and 3 is a large lesion (maximum 
lesion diameter >2 cm at least in one plane). 
To evaluate clinical severity, we used a 
quantitative scale ranging from 0 to 30 in 
which every clinical sign was graded from 
0 to 3, where 0 was absence of deficit and 3 
was maximum deficit. Face, arm, and leg 
motor and sensory signs were evaluated 
separately. 

Eight to 10 days after the clinical ictus 
neurologic examination, SPECT study, and 
CT scan with contrast media were repeated. 
All studies were also repeated on the 30th 
day except in three patients in whom 
SPECT scans could not be performed. 

All scans were reviewed by interpreters 
“blinded” to the clinical status of the pa- 
tients. A description of the interpretations 
is reported in Tables 2 and 3. Informed con- 
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Table 1.—Single Photon Emission Computed Tomography (SPECT), Computed 
Tomography (CT), and Clinical Signs Comparison in the First 48 Hours 
From Stroke Onset 


SPECT*t 


Region* 
Anterior 
Middle 
Posterior 


Case/Age, y/Sex 


1/38/F 


Anterior 
Middle 
Posterior 
Anterior 
Middle 
Posterior 
Anterior 
Middle 
Posterior 
Anterior 
Middle 


Posterior 


2/62/F 


3/68/M 


4/78/M 


5/72/M 


Anterior 
Middle 


Posterior 


6/73/M 


Anterior 
Middle 
Posterior 
Anterior 
Middle 
Posterior 
Anterior 
Middle 
Posterior 


7/79/F 


8/55/M 


9/71/M 


CT*t 


Results of 
Neurologic Examination 


R hemiplegia, R hemianesthesia, 
R homonymous hemianopia, 
aphasia 


L central facial paresis, mild L 
hemiparesis, mild L arm 
hypoesthesia 


R central facial paresis, mild R 
arm paresis, R leg plegia, 
aphasia 


R central facial paresis, aphasia 


L central facial paresis, L hemiplegia, 
L hemianesthesia, 
L homonymous hemianopia, 
hemineglect 


R central facial paresis, R arm 
plegia, severe R leg paresis, 
R homonymous hemianopia, 
aphasia 

L central facial paresis, severe 
L arm paresis, mild L 
leg paresis 


R arm plegia, mild R leg paresis, 
R homonymous hemianopia, 
aphasia 


L central facial paresis, mild L 
hemiparesis, severe L hemianesthesia, 
aphasia 





* SPECT-CT region (obtained by dividing every slice from anterior to posterior pole in three sections in each 


hemisphere on corresponding SPECT-CT slices). 


tN indicates normal region; P, pathologic region, lowered radioactive labeled activity (SPECT) or hypodensity 
(CT) in the hemisphere contralateral to clinical signs (the number under SPECT indicates the number of slices 


with deranged activity). 


sent was obtained after the nature of the 
procedures had been fully explained. 


SPECT Assessment 


We used a rotating gamma camera (GE 
400 AC) and a dedicated computer as previ- 
ously described. Two different radioac- 
tive labeled tracers were used. N,N,N’ -tri- 
methyl-N’- (2-hydroxy-3-methy1-5-(123-I]- 
iodobenzy]1)-1,3-propanediamine-2HCl 
(HIPDM) was used in four patients. The 
methodology has been described pre- 
viously.’ 

Technetium Tc 99m hexamethylpropy- 
leneamine oxime (HM-PAO) was used in 
five patients; 20 mCi was injected and 4 to 
6 million counts were collected over 45 
minutes. Data were subsequently recon- 
structed and corrected for attenuation, 
yielding a complete set of eight axial tomo- 
graphic slices from the posterior fossa to 
the vertex. Slices were 2-pixels thick (cen- 
ter to center distance, 1.2 cm). Spatial res- 
olution was 2.5 cm full width at half max- 
imum in both the longitudinal and the axial 
planes (for a 23-cm rotation radius). 


Data Analysis 


For each subject four of six consecutive 
supratentorial slices were analyzed, the two 
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slices corresponding to the vertex being ex- 
cluded from the analysis, to avoid artifacts 
due to the presence of sulci. On each slice, 
12 symmetric regions of interest (ROIs) 
were considered, six over each hemisphere 
(Fig 1). The ROIs, 4X4 pixels large, 
(2.5 X 2.5 em) were located on the cortical 
ribbon, two in the anterior, two in the mid- 
dle, and two in the posterior areas. Counts 
of the two homolateral anterior ROIs were 
averaged to obtain a single mean value for 
the anterior region (A). The same proce- 
dure was used for the two middle (M) and 
two posterior (P) ROIs thus obtaining three 
mean count values for each hemisphere (A, 
M, and P) on each of the four supratentorial 
slices. Indexes of relative cortical activity 
between homotopic regions of the two 
hemispheres were obtained. The indexes 
were calculated as the ratio of homotopic A, 
M, and P count values in the two hemi- 
spheres, thus yielding 3 indexes for each 
slice and a total of 12 indexes of relative 
cortical activity for each subject studied. 

We studied six control subjects with 
HIPDM and 15 controls with HM-PAO, 
matched for age and sex with the patients 
who had strokes. All controls were free of 
neurologic diseases. 

In the patient group each index was 
defined as the ratio between the count val- 





Fig 1.—Region of interest positioning. 


ues of the pathologic hemisphere with re- 
spect to the normal one. In the control 
group indexes were calculated both as left- 
to-right and right-to-left count ratios. The 
control indexes were thus averaged to ob- 
tain an overall hemispheric index value 
that was equal to 1.00 + 0.073 for HIPDM 
and 1.00 + 0.054 for HM-PAO. The regional 
indexes of relative cortical activity were not 
significantly different between the control 
groups studied with the different isotopes. 
We consider as the normal range 1 + 2.4 
(SD), since approximately 95% of our nor- 
mally distributed control values fall within 
this range. The data on our nine patients 
with strokes (mean [+SD] age, 66 + 13 
years) are given in Table 1. 


RESULTS 
SPECT in the Acute Phase: Patients vs 
Controls 


All SPECT scans performed within 
the first 48 hours showed at least one 
index lower than our normal value 
(Table 2), while no index was higher 
than normal (Table 1). In all cases this 
was the result of reduced tracer activ- 
ity in the hemisphere contralateral to 
the side with clinical symptoms. The 
curve of distribution of the index 
showed a displacement to the left in 
the patient group with respect to the 
control group (Figs 2 and 3). We ana- 
lyzed our data by analysis of variance. 
We found an overall main effect for the 
group with patients displaying lower 
overall scores than controls (HIPDM: 
patients, 0.835; controls, 1; F = 74.356; 
P < .0001) (HM-PAO: patients, 0.91; 
controls, 1; F = 79.482; P < .0001). We 
also found a significant group-by- 
region interaction (HIPDM: F= 
3.83; P< .025) (HM-PAO: F= 4.01; 
P < .025). Finally we ran tests (simple 
effects) of differences between group 
indexes for each region separately. 
There was a significant difference be- 
tween the two groups in each region 


Cerebral Ischemia—Rango et al 1319 


Table 2.—Single Photon Emission 
Computed Tomography 
(SPECT)-Computed Tomography (CT) 
Comparison in the First 48 Hours 
From Stroke Onset 


CT Scan* 


SPECT} 
oa 


*CT Scan: plus sign indicates focal lesion consis- 
tent with symptomatology; minus sign, no lesion. 

TSPECT: plus sign indicates at least one low index 
of relative cortical activity; minus sign, no abnormal 
index. 


(HIPDM: region A, F = 19.812, P< 
.0001; region, M, F = 57.060, P < .0001; 
region P, F = 8.69, P<.005) (HM- 
PAO: region A, F = 22.471, P < .0001; 
region M, F= 61.060, P< .0001; 
region P, F = 9.01; P < .005). The big- 
gest difference was in region M (mean 
indexes, 0.786 vs 1.015). This differ- 
ence, showed by comparison of case 
ratios with left-on-right control ratios, 
was confirmed at the same significance 
level when right-on-left control ratios 
were used. 


CT Scan Findings 


The initial CT scan showed a hypo- 
density, indicative of an ischemic le- 
sion, in five of the nine patients stud- 
ied (Tables 2 and 3). On repeated scan 
(10 and 30 days) ischemic lesions were 
seen in seven of the nine patients (Ta- 
bles 3 and 4). A CT scan on the 10th day 
(with contrast media) showed the 
same detection rate as the CT scan on 
the 30th day. 


Clinical Symptoms: SPECT vs CT 
Comparison 


We attempted to relate the index 
with initial neurologic features. A 
good correlation was noted between 
clinical findings at onset and the first 
SPECT study. The overall quantitative 
clinical scale and the mean index sig- 
nificantly correlated, as tested by 
Pearson’s Product-Moment Correla- 
tion statistic (r = .73; P < .01). On a 
regional basis a significant correlation 
existed between the indexes of the 
middle cortical region of the two supe- 
rior slices (the areas in which motor 
and sensory cortex are contained) and 
the motor (7 =.71; P < .01) and the 
sensory severity scales (r = .70; 
P < .01). There was no significant cor- 
relation, however, between CT scan, 
both first (r = .27; not significant) and 
follow-up study (r = .81; not signifi- 
cant), and clinical status. This is par- 
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Fig 2.—Distribution of index of relative cortical activity in patients with stroke. 
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Fig 3.—Distribution of index of relative cortical activity in controls. 


ticularly evident in patient 8 (Table 1) 
who presented with a right hemiple- 
gia, right hemianopia, and a global 
aphasia. While CT study showed only 
a small lesion in the anterior limb of 
the left internal capsule extending into 
the head of the caudate nucleus (Fig 4), 
the SPECT scan showed hypoactivity 
involving a large area of left cortex 
(Fig 5). 


SPECT Follow-up 


A SPECT scan at 10 days after ictus 
did not show a strong correlation with 
clinical features (Table 4). The activity 
distribution was variable: in two pa- 
tients (case 2, HIPDM; case 4, HM- 
PAO) the study results were normal on 
day 10 but were abnormal again on day 
30, while the results of the neurologic 
examination were always abnormal. 
In two other patients (cases 3 and 6) in 
whom symptomatology was in regres- 





0.9 1.2 1.5 


sion, the tracer hypoactivity was more 
extensive than at first study. On day 10 
we found combined hypoactivity- 
hyperactivity areas in three patients 
(cases 5, 8, and 9) and in one patient 
(case 1) we found pure cortical hyper- 
activity. On day 30 we found hypoac- 
tivity in all the examined patients with 
the exception of patient 8 (hyperac- 
tivity in only one region on one slice). 


COMMENT 


Our results show that SPECT scan, 
if performed in the acute phase (<48 
hours from symptom onset) of hemi- 
spheric stroke, is superior to CT scan in 
detecting ischemic lesions. In our se- 
ries early SPECT scanning always de- 
tected a tracer hypoactivity in the 
hemisphere contralateral to neuro- 
logic symptomatology, even in those 
patients in whom the ischemic lesion 
was not detected by serial CT scan. 
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Table 3.—Computed Tomographic 
Findings in Early (<48 Hours) and 
Late Stage (30 Days) of Stroke 
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*S indicates superficial (lesion involves only the 
cortex); D, deep (lesion does not involve the cortex); 
N, no lesion. 

+S indicates small (maximum lesion diameter <2 
cm in both transverse and axial plane); L, large (max- 
imum lesion diameter >2 cm at least in one plane); N, 
no lesion. 





Fig 4.—Case 8. Lesion of the left anterior limb 
of the internal capsule extending into the head 
of the caudate nucleus. Shown is the slice in 
which the lesion exhibits its maximum extent on 
computed tomographic scan. 


Our findings may in part explain the 
contradictory results of previous stud- 
ies that evaluated patients at different 
times after their ischemic ictus.*° Hill 
et alt studied 25 patients with strokes 
by n-isopropyl-(I-123)-p-iodoamphet- 
amine-SPECT at an interval from one 
to 21 days after symptom onset, find- 
ing that three of the patients had a 
normal SPECT scan, while one of these 
three had an abnormal CT scan. Las- 
sen et al’ studied a series of 10 patients 
with chronic strokes and found that all 
patients had abnormal SPECT scans 
and 9 of them had abnormal CT scans. 

Unlike the SPECT-stroke series re- 
ported by Hill et al,‘ where the analy- 
sis was centered on a limited area cor- 
responding to CT lesions, we elected to 
conduct a blinded analysis using the 
entire cortical ribbon of multiple slices 
to optimize objectivity. This avoids the 
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Table 4.—Single Photon Emission Computed Tomography (SPECT), Computed 
Tomography (CT), and Clinical Signs Comparison at 10 and 30 Days 
After Stroke Onset 


Results of Neurologic 
Examination 


Region 2nd 2nd 3rd 
Anterior 2 PRE 1P N N R central facial R central facial 

























Case 


























Middle 3 PRE 4P P P paresis, severe R paresis, mild R 
(ane. Ake E FPS hemiparesis, R hemiparesis, R 
hemianesthesia, R hemianesthesia, 
1 homonymous R homonymous 
hemianopia, hemianopia 
aphasia (remitting), 


aphasia 
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L central facial Mild L arm 
paresis, mild L paresis 
hemiparesis (remitting) 
(remitting) 


R central facial 


Anterior 
2 Middle N 1P P 
Posterior N 
1P 















Anterior R central facial 















3 Middle 2P iP N paresis, mild R leg paresis, mild R 
paresis leg paresis 
Posterior (remitting) 









Anterior N 1P R central facial R central facial 















Zi OS) UI OO ey oS) Se 


4 Middle N 1P P paresis, aphasia paresis, 
aphasia 
Posterior P (remitting) 
Anterior 4P N L central facial L central facial 
“Mide di ~ . 2 P RM ND P paresis, L paresis, L 
m hemiplegia, L hemiplegia, L 
F Posterior 4 PRM N hemianesthesia, L hemianesthesia, 
homonymous L homonymous 
hemianopia, hemianopia 


hemineglect 
(remitting) 



















Anterior R central facial R central facial 
“Mele SP | ND cs DY paresis, mild paresis, mild R 
6 piain aE e nemoaresis, leg paresis, 
Posterior 2P aphasia aphasia 


(remitting) 
Anterior L central facial L central facial 
Midis 1P ND nA A paresis, severe L paresis, severe 
7 2S Sea n  . arm paresis, mild L L arm paresis, 
Posterior N N N leg paresis mild L leg 
paresis 


R arm 






















Anterior 4P 4P N N R arm plegia, R 



















Middle 4P 4P P= =P homonymous plegia,R 
8 - hemianopia, homonymous 
Posterior 1 PRE 1 PRE N N (remitting), aphasia hemianopia 
(remitting), 





aphasia 





















Anterior 1P 1P N N L central facial Mild L 
9 Middle 1P 3P P P paresis, mild hypoesthesia 
Sobe aa E E E hemihypoesthesia, 
Posterior 1 PRE 1P N N aphasia 





* N indicates normal region; P, pathologic region, lowered radioactive labeled activity (SPECT) or hypodensity 
(CT) in the hemisphere contralateral to clinical signs (the number under SPECT indicates the number of slices 
with deranged activity); PRE, pathologic region enhanced radioactive labeled activity (SPECT) in the hemisphere 
contralateral to clinical signs; PRM, pathologic region mixed lowered-enhanced radioactive labeled activity 
(SPECT) in the hemisphere contralateral to clinical signs; and ND, not done. 


pitfalls inherent in an approximate than deeper structures, since the 
attempt to superimpose CT images on source of radiation is closer to the 
the SPECT slices. Positioning of the detectors.’ 

ROI over the cortical ribbon, as in our With our comprehensive analysis 
approach, might be less subject to er- method we may be more likely to 
rors resulting from asymmetries ofthe observe areas of acute hypoactivity far 
regions analyzed (eg, deeper struc- from the lesion core caused by intra- 
turesin the acute phase whereonemay hemispheric diaschisis'*" rather than 
observe dramatic shifts of midline direct parenchymal damage. On the 
structures,’ but much less of superfi- other hand, we may be detecting areas 
cial structures). From an instrumen- of the so-called ischemic penumbra,'*"» 
tation perspective the cortex is seen which on less acute scan may regress. 
with greater definition and resolution However, neither of these explana- 
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Fig 5.—Single photon emission computed tomographic images in the first 48 hours. Diffuse left- 
sided hypoactivity involving the cortex at two different scanning levels. 


tions is particularly likely, since two 
patients (cases 2 and 4) who had nor- 
mal findings on day 10 had abnormal 
findings again on the third SPECT 
study. Furthermore, in patient 4 a ne- 
crotic lesion was seen extending to the 
cortex, as shown by late CT scan. More 
plausible, in this particular case, is the 
possibility that on day 10 there was a 
relative luxury perfusion’ that 
masked the actual ischemic area. Fi- 
nally, we can speculate that on day 10 
we may be observing interhemispheric 


1. Ter-Pogossian MM. PET, SPECT and NMR: 
competing or complementary disciplines? J Nucl 
Med. 1985;26:1487-1498. 

2. Ackerman RH. Of cerebral blood flow, stroke 
and SPECT. Stroke. 1984;15:1-4. 

3. Ell PS, Cullum I, Donaghy M, Lui D, Harrit 
PH, Harrison MJG. Cerebral blood flow studies 
with 128iodine-labelled amines. Lancet. 1983: 
1:1348-1352. 

4. Hill TC, Magistretti PL, Holman BL, et al. 
Assessment of regional cerebral blood flow 
(rCBF) in stroke using SPECT and n-isopropyl- 
(I-123)-p-iodoamphetamine (IMP). Stroke. 1984; 
15:40-45. 

5. Lassen NA, Henriksen L, Paulson O. Re- 
gional cerebral blood flow in stroke by 133 xenon 
inhalation and emission tomography. Stroke. 
1981;15:284-288. 

6. Lee RGL, Hill TC, Holman BL, Royal HD, 
O’Leary DH, Clouse ME. Predictive value of per- 
fusion defect size using n-isopropyl-(I-123)-p-io- 
doamphetamine emission tomography in acute 
stroke. J Neurosurg. 1984;61:449-452. 

T. Perani D, Vallar G, Cappa S, Messa C, Fazio 
F. Aphasia and neglect after subcortical stroke: a 
clinical/cerebral perfusion study. Brain. 1987; 
110:1211-1229. 

8. Fazio F, Lenzi GL, Gerundini P, et al. Tomo- 
graphic assessment of regional perfusion using 
intravenous I-123 HIPDM and a rotating gamma- 
camera. J Comput Assist Tomogr. 1984;8:911-921. 

9. Terent A, Ronquist G, Bergstrom K, Hall- 
gren R, Aberg H. Ischemic edema in stroke: a 
parallel study with computed tomography and 


1322 


Arch Neurol—Vol 46, December 1989 


diaschisis'*"' in areas contralateral to 
the original lesion. This could yield a 
misleadingly normal index, especially 
in a semiquantitative ratio-based 
analysis such as ours. We have no 
ready explanations for patients 3 and 
6 in whom the hypoactivity on the late 
SPECT scans increased, while the clin- 
ical picture improved. This may reflect 
tracer characteristics or aspects of re- 
covery from cerebral ischemia that are 
still not fully understood." 
Previous studies’?! have shown 
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able to accurately define an acute cere- 
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the more widely available emission to- 
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Middle Latency Auditory Evoked Potentials 


in Cortical Lesions 


Criteria of Interhemispheric Asymmetry 


Vicente Ibafiez, MD; Marie Pierre Deiber, PhD; Catherine Fischer, MD 


@ Middle latency auditory evoked po- 
tentials after monaural stimulation have 
been recorded in 16 normal subjects and 
in 21 patients with unilateral cortical or 
subcortical lesions determined by com- 
puted tomographic scan examination. An 
interhemispheric index was studied to 
quantify the asymmetry of N, and P, middle 
latency auditory evoked potential compo- 
nents recorded over each hemisphere. 
This index has been calculated for each 
ear separately and after adding the re- 
sponses of both ears. Its reliability is 
shown to be better in the latter situation. 
in all of the patients the interhemispheric 
asymmetry index was in the normal range 
for the N, component. For the P, compo- 
nent this index was abnormal in 11 pa- 
tients with cortical temporal lobe or sub- 
cortical lesions interrupting acoustic radi- 
ations. These results confirm that the P, is 
dependent on the integrity of acoustic ra- 
diations and auditory cortex in the su- 
pratemporal plane, whereas the N, com- 
ponent would be generated at a subcorti- 
cal level. Unilateral extinction of the 
dichotic listening test was found to corre- 
late with abnormal P, component asymme- 
try in the case of lesions involving the au- 
ditory structures. 

(Arch Neurol. 1989;46: 1325-1332) 


B ecause bilateral auditory pathways 

run to both temporal auditory cor- 
tices, auditory perception is often pre- 
served in unilateral brain lesions mak- 
ing some disorders of auditory inte- 
gration difficult to determine by 
clinical examination. The dichotic lis- 
tening test (DLT) is one means of ex- 
ploring the auditory function.'? The 
application of this test, however, in- 
volves the function of several brain 
structures, and unilateral extinction of 
the DLT can be observed in lesions 
where the auditory areas have in fact 
been preserved.’ A more specific 
means of exploring the central audi- 
tory pathways from auditory nerve to 
cortex is the use of auditory evoked 
potentials picked up over the scalp af- 
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ter repetitive acoustic stimulation. 
Late auditory evoked potentials 
(LAEPs) in the 80- to 200-millisecond 
latency range have been studied,*” but 
controversy still exists about their ce- 
rebral generators. In addition, they 
have been shown to be influenced by 
the internal state of the subject.'*” 
More recently, middle latency auditory 
evoked potentials (MLA EPs) recorded 
between 10 and 80 milliseconds after 
the acoustic stimulus have received 
special interest,'*”? since they reflect 
the response of auditory pathways 
from midbrain to auditory cortex. The 
MLAEPs are characterized by several 
components, namely, Ne, Po Na Pa Nos 
and P,, but only N, and P, potentials 
are reliable and constantly obtained in 
all normal subjects.'”! It is generally 
recognized that the P, component rep- 
resents the earliest activation of pri- 
mary auditory areas.”” It has been 
initially proposed that similarly to the 
P, component, the N, component was 
generated in the auditory cortex.7)*” 
Recent results, however, suggest a sub- 
cortical generator for this com- 
ponent.” 

The question of whether the N, and 
Pa MLAEPs are influenced by hemi- 
spheric lesions has been addressed by 
some authors." Their results indi- 
cate that the P, potential amplitude is 
decreased over the damaged hemi- 
sphere when auditory structures are 
involved. In a recent work, Kileny et 
al?’ found that in a group of patients 
with unilateral cortical temporal le- 
sions, the P, amplitude was signifi- 
cantly reduced over the damaged 
hemisphere when compared with an- 
other group of patients whose lesions 
spared temporal structures. However, 
these studies failed to give reliable ab- 
normality criteria for MLA EPs. 

The normal distribution of the 
MLA EPs over the scalp has been ana- 
lyzed in a preceding report.” In an at- 
tempt to use the MLA EPs as an objec- 
tive means for exploring the auditory 
system in patients, our purpose in this 
report has been to determine the ab- 
normality of the MLAEP response in 
patients with strokes. Three main 
points have been addressed: (1) deter- 
mination of normal MLA EP distribu- 
tion and calculation of a normal range 
for an interhemispheric asymmetry 


index; (2) definition of the types of 
hemispheric lesions that are responsi- 
ble for an abnormal asymmetry index 
in each patient; and (3) correlations 
between MLA EP asymmetries and ab- 
normalities of the DLT and also neu- 
ropsychologic disorders of the domi- 
nant or nondominant hemisphere. 


PATIENTS, MATERIALS, AND METHODS 
Normal Subjects and Patients 


Sixteen normal subjects (6 male and 10 
female; mean age, 51 + 20 years) with no 
history of neurologic disorders and 21 pa- 
tients (12 male and 9 female; mean age, 
56 + 12 years) with cortical or subcortical 
lesions due to acute stroke (12 ischemia and 
9 hematoma) had MLAEPs recorded. A 
computed tomographic (CT) scan was per- 
formed for each patient between 2 days and 
4 months before MLA EP recordings. Dam- 
aged territories were identified from CT 
scan sections using the scanographic atlas 
of De Armond et al.** Computed tomo- 
graphic scan drawings are presented for the 
21 patients in Fig 1. Table 1 describes the 
roentgenographic extent of brain lesions, 
their causes, and the patients’ clinical im- 
pairments. The existence of anosognosia 
and aphasia are also shown. Anosognosia 
refers to lesions of the nondominant hemi- 
sphere and describes the patients un- 
awareness of his massive left hemiplegia. 
Anosognosia is often associated with 
hemiasomatognosia, the latter expressing 
the fact that the patient denies that his 
paralyzed arm belongs to him. This associ- 
ation defines the Anton-Babinski syn- 
drome. Of 9 patients suffering from a lesion 
of the nondominant hemisphere, 6 pre- 
sented with an anosognosia, associated 
(patients 1 through 3) or not with a hemia- 
somatognosia (patients 4, 8, and 14). Re- 
garding the 12 patients with lesions of the 
dominant hemisphere, 10 of them presented 
with aphasic deficits: 4 pure motor (Broca’s) 
aphasia (patients 7, 11, 13, and 21), 4 con- 
duction aphasia (patients 10, 12, 15, and 16), 
and 2 anomic aphasia (patients 18 and 20). 
For 16 patients a DLT was performed using 
a classic procedure*” in the same week as 
MLA EP recording. 

The patients were otologically examined 
to confirm the absence of conductive hear- 
ing loss. Hearing function was assessed by 
determining the click perception threshold 
in normal subjects and patients. Tonal au- 
diometry threshold (pure-tone average) 
was also determined in 10 patients. The 
click perception threshold was within nor- 
mal limits in control subjects (0- to 20-dB 
hearing level [HL] for the younger ones and 
0- to 30-dB HL for the older ones). Patients 
whose click perception threshold exceeded 
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Fig 1.—Computed tomographic scan drawings of each of the 21 patients, corresponding to section 16 of 
De Armond et al?® except for patient 9 (section 19). The numbers identify the corresponding patients of Ta- 
ble 1. 
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Patient No./Age, y/Sex 





————— ee 





Clinical Signs 


Hep Ang Aph 





Table 1.—Clinical and Computed Tomographic (CT) Scan Data of the 21 Patients * 


Right lesions 1/71/M + + + + Infarction + + F + 6 10 
2/50/F + + + + Infarction + +} + + 2 6 
3/74/M + + + + Infarction + + + + 1 30 
4/47/F + T + Infarction + + + + ESA 1 14 
5/70/F + + Infarction + T 5 13 
6/72/M aai Hematoma + 5 10 
7t/59/F + bie + Hematoma + 1 37 
8/52/M + + Hematoma E + 5 14 
9/49/F ... Hematoma + + + 2 4 

Left lesions 10/58/M + Hematoma eink EN 1 13 

11/74/M + + Infarction + TF TE + 9 15 
12/35/F ode + Infarction nna + +: 1 21 
13/48/M + he + Infarction + + + i 1y 1y 
14ł/45/M F + + Infarction + + + + 5 23 
15/53/M + Infarction + + 6 y 6 y 
16/53/M + Infarction Lg + 4 120 
17/35/F + ie pa ...  Hematoma + 2 11 
18/42/F + Hematoma + Ey 2 15 
19/60/M + jhe is ... Hematoma Hs + 1 8 
20/65/M T + Infarction + + 5 21 
21/68/F + Hematoma + 1 90 


* Clinical examination is summarized as follows: plus sign indicates presence; ellipsis, absence; Hp, hemiplegia; Hn, hemianesthesia; Hep, hemianopia; Ang, anosog- 


Lesion Site 
= — 


Examination Delay 
After Stroke, d 
AM 
CT Scan MLAEPs 










Ac Caps Thal 









nosia; Aph, aphasia. Lesion sites have been evaluated from the examination of CT scan sections: Mc indicates motor cortex; Sc, somatosensory cortex; Ac, auditory 
cortex (Heschl gyri); Caps, capsule; Thal, thalamus. Date of CT scan examination and middle latency auditory evoked potential (MLAEP) recording is indicated in days 
after stroke except for patients 13 and 15 for whom it is indicated in years. 


tA left-handed patient. 


N, Amplitude, uV 


nn IL 


RE and LE 


%F’4/F", 
WT” aiT 


17.59 10.30 


26.85 


18.11 
12.95 28.45 


RE + LE 
0.53 + 0.18 
0.90 + 0.37 


10.61 16.04 


15.98 20.30 + 12.60 30.27 


N, Latency, ms 


NN 


RE and LE 
19.00 + 


RE T- LE 


1.88 19.00 + 1.66 


P, Amplitude, uV 


P 


RE and LE RE + LE 


17.06 27.01 
P, Latency, ms 


18.47 23.34 + 18.38 


<<, 


RE and LE RE + LE 





31.73 + 3.65 
* Mean values and SDs of amplitude (microvolt), percentage of amplitude difference between symmetrical electrodes (F’,/F’,and T’,/T’, indexes), and latency (mil- 


liseconds) for N, and P, potentials in the control group of 16 subjects. Values are given for the response to right ear (RE), left ear (LE), pooled data of right and left ear 
(RE and LE), and summed response of right and left ear (RE + LE). Since there is no significant difference between response to right and left ear for any of the measured 
values, we set up as normative data for monaural response the pooled data of right and left ear (RE and LE). RE + LE naturally served as normative data for summed 


right and left ear responses. 


the 40-dB HL limit were excluded from the 
study. Brain-stem auditory evoked poten- 
tials were normal in all patients. 


MLAEP Recording Procedure 


Testing was performed on subjects lying 
in a darkened room with moderate noise 
insulation. The subjects were asked to re- 
main awake and to relax to minimize elec- 
tromyographic activity, including posterior 
auricular muscle activity. No drugs were 
used. Acoustic rarefaction clicks of 100 mi- 
croseconds were delivered monaurally to 
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each ear at 80-dB HL through earphones 
(TDH 39). The interstimulus interval var- 
ied between 260 and 270 milliseconds. Anal- 
ysis time was fixed at 80 milliseconds post- 
stimulus period with a 166-microsecond bin 
width. Automatic correction of the baseline 
was made on each channel separately by 
estimating the mean value of the signal 
over the 5 milliseconds prior to the stimu- 
lus. The analogue bandpass was 1.6 Hz to 1.6 
kHz. For each ear two series of 2000 stim- 
ulations were recorded and thereafter av- 
eraged. 


A coronal chain of seven chlorided cupu- 
lar electrodes was fixed over the scalp as 
follows: one electrode was placed at each 
mastoid process (M,, M;), one in the me- 
diofrontal region (F,,), and the other four 
electrodes (two over each hemisphere) were 
aligned at equal distances between F, and 
the mastoid process (F’, and T’, for the left 
hemisphere; F’, and T’, for the right one). 
Although the classic coronal montage of 
electrodes is to pass by C,, we chose a more 
anterior montage based on the results of a 
precedent topographic study that revealed 
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Fig 2.—Middle latency auditory evoked potentials of a normal subject in response to right ear (thick line) and to left 
ear (thin line) stimulation. Electrode positions are indicated at the top left. N, and P, components culminate over the 
frontocentral region (F’;, F,, F’,) and are reduced in amplitude over the temporal regions (T'a, T’,). Contralateral P, 
potential amplitude is slightly larger than the ipsilateral one. Mastoid processes (M,, M,) are free of neurogenic activity. 


Fig 3.—P, amplitude over the left hemisphere 
(F’., open square) and the right nemisphere 
(F’,, black square) in the 16 control subjects 
after stimulation of each ear separately. There 
is a tendency for P, to culminate over the 
hemisphere contralateral to the stimulated ear, 
but this result does not reach significant level 
(t test for paired data: P > .05). 
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a mediofrontal culmination for the main N, 
and P, MLAEP components.” A noncepha- 
lic balanced sternovertebral electrode was 
used as reference.” 


MLAEP Analysis 


Our study is focused on the N, and P, po- 
tentials that are the most reproducible 
components of MLAEPs. Latencies and am- 
plitudes (baseline to peak) were automati- 
cally measured using computer cursors. An 
interhemispheric index was calculated to 
quantify the asymmetry between the 
evoked responses recorded over each hemi- 
sphere: we calculated the percentage of 
amplitude difference between responses 
picked up by symmetrical frontal (F’,/F’ ,) 
and temporal (T’,/T’,) electrodes. The cal- 
culation was made for each ear separately 
and after the responses of both ears had 
been added. The asymmetry index is given 
by the equation: [(A — B)/A] X 100, where A 
is the amplitude of the higher response and 
B is the amplitude of the lower one. 


RESULTS 
Normal Data 


Mean values of latency, amplitude, 
and percentage of amplitude differ- 
ence between symmetrical electrodes 


are given for the N, and P, components 
in Table 2. Since there was no signifi- 
cant response difference for latency, 
amplitude, and percentage of ampli- 
tude difference between the right and 
left ears, the values for the two ears 
were pooled for control data (RE and 
LE of Table 2). 

Responses of one normal subject are 
illustrated in Fig 2. The N, and P, 
components had maximal amplitude in 
the frontocentral region but reduced 
amplitude in temporal regions. No re- 
producible MLAEP response was iden- 
tified at the mastoid processes, but 
these recording sites were useful for 
estimating postauricular muscle 
activity.” The mean interhemispheric 
asymmetry range for N, and P, com- 
ponents ranged up to 15% between 
frontocentral regions (F’,/F’, index) 
and was higher for temporal regions 
(80%, T’,/T’, index). The evoked re- 
sponse recorded over the hemisphere 
contralateral to the stimulated ear 
was generally of larger amplitude, but 
this observation did not reach a sig- 
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Fig 4.—Middle latency auditory evoked potentials of patient 1 in response to right ear (thick line) and to left 
ear (thin line) stimulation. The computed tomographic scan shows an extended lesion of the right temporal 
lobe involving the auditory cortex in the supratemporal plane. There is an important reduction of P, ampli- 
tude over the right hemisphere, whereas N, amplitude presents a symmetrical interhemispheric distribution. 
Note the postauricular muscle activity picked up by the right mastoid electrode M, (white arrow). 


nificant level (t test for paired data: 
P>.05) (Fig 3). When evoked re- 
sponses of the two ears were added up, 
the mean asymmetry was radically re- 
duced for P, (6% between F’, and F’, 
23% between T’, and T’,). 


Patients 


MLAEP  Asymmetry.— Responses 
were considered abnormal when the 
latency or asymmetry index of ampli- 
tudes lay beyond 2.5 SDs of the mean 
values. N, and P, latencies were within 
normal limits for all patients. The 
unique MLAEP abnormality observed 
in our patients was the amplitude 
asymmetry index for P,. This index 
was invariably within normal limits 
for N,. Moreover, index abnormalities 
for P, were found only between fronto- 
central electrodes (F’, and F’,) where 
interindividual variability of response 
amplitudes was smaller than in tem- 
poral regions. 

Eleven of the 21 patients (patients 1 
through 4, 8, 12 through 16, and 20) 
presented a P, amplitude asymmetry 
with reduced amplitude over the dam- 
aged hemisphere (Figs 4 and 5). 
Among these 11 patients the index 
asymmetry for P, was abnormal for 
each of the two ears in 8 patients and 
for one ear in 3 patients. P, amplitude 
was consistently larger after stimula- 
tion of the ear contralateral to the in- 
tact hemisphere. This observation was 
found to be significant when the P, 
amplitude was measured either over 
the intact (t test for paired data: 
P < .01) or the damaged hemisphere (t 
test for paired data: P < .05). An im- 
portant observation was that in all 11 
patients the percentage of asymmetry 
for P, was not reduced, conversely to 
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the normal subjects, when considering 
the addition of monaural responses 
(Fig 6). 

P, Asymmetry and Site of Lesion.—P, 
asymmetry was associated with is- 
chemic lesion of the middle cerebral 
artery territory in all 11 patients but 
one (patients 1 through 4, 12 through 
16, and 20). This patient (patient 8, Fig 
7) presented with a hematoma involv- 
ing the internal capsule. A°CT scan re- 
vealed that asymmetry of P, was con- 


= gistently correlated with a lesion of the 


auditory cortex in the supratemporal 
plane (Heschl’s gyri) and/or acoustic 
radiations adjacent to the cortex. 

In the remaining 10 patients with 
normal P, components, the auditory 
cortex together with the acoustic radi- 
ations were intact. The lesions in- 
volved principally thalamic or capsu- 
lar structures (patients 5 through 7, 17 
through 19, and 21) or motor and pari- 
etal cortices (patients 9 and 11). One of 
the patients (patient 18) presented 
with a subcortical hematoma that may 
have involved acoustic radiations. In- 
tegrity of these structures was sug- 
gested by the normality of the MLAEP 
responses and was confirmed 4 months 
later by a CT scan control showing a 
small residual lesion in the posterior 
limb of the internal capsule sparing 
the acoustic radiations (Fig 8). 

MLAEPs and DLT.—Correlations 
between the results of DLTs and the P, 
asymmetry index are presented in Fig 
9. The test was not done in 5 patients. 
Of the 16 patients who had the test, 10 
showed an extinction of the verbal 
message for the ear contralateral to 
the damaged hemisphere. For 9 of 
these 10 patients the P, asymmetry in- 
dex was abnormal with reduced am- 


plitude over the damaged hemisphere. 
In the only patient presenting extinc- 
tion of the DLT and a normal P, asym- 
metry index (patient 11), the left hemi- 
spheric lesion was anterior to the au- 
ditory cortical areas, probably dam- 
aging the frontal areas involved in 
language. The 6 patients with normal 
results of DLTs presented a normal P, 
asymmetry index. 

MLAEPS and Cerebral Lateraliza- 
tion.—Of the 6 patients who presented 
with an anosognosia (patients 1 
through 4, 8, and 14), 1 patient (patient 
8) had recovered at the time of the 
MLAEP recording. All the anosog- 
nosic patients, including the latter one, 
presented with abnormal P, asymme- 
try index. Of the 10 aphasic patients, 5 
presented with an abnormal P, asym- 
metry index (patients 12, 18, 15, 16, and 
20). 


COMMENT 


The N, and P, MLAEP components 
are largely distributed over both hemi- 
spheres and culminate in the fronto- 
central region.” Absolute amplitude of 
potentials cannot be used to establish 
any abnormality of the response since 
there is a high intersubject amplitude 
variability. Therefore, we set up an in- 
dex of asymmetry based on the pro- 
portion of amplitude difference of the 
response between the two hemi- 
spheres. In normal control subjects 
this index between symmetrical elec- 
trodes is higher in temporal than in 
frontocentral regions because of the 
greater intersubject amplitude vari- 
ability in temporal leads. For routine 
clinical purposes this index can be cal- 
culated from the MLAEP responses at 
frontocentral electrodes referenced to 
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the ipsilateral mastoid process. How- 
ever, the occurrence of postauricular 
muscle activity at this site! is sus- 
ceptible to distort the MLAEP compo- 
nents and consequently we preferred 
to use a noncephalic reference 
electrode”*° to avoid this problem. 
Our results show that the asymmetry 
index is reduced in normal subjects 
when the responses of each ear are 
summed compared with the index cal- 
culated from monaural responses. 
These results suggest that an asym- 
metry of pathways reaching the audi- 
tory cortex is mainly responsible for 
the asymmetry of MLAEPs in normal 
subjects.”*! since it is known that con- 
tralateral messages are predominant. 
Consequently, normal asymmetry of 
response is dependent on the stimu- 
lated ear and is attenuated when the 
monaural responses are summed. 

In all patients the N, potential was 
constantly found within the normal 
range of asymmetry whereas the per- 
centage of asymmetry was found to be 
abnormal for the P, component in 11 of 
them. When abnormal, the P, compo- 
nent presents the following character- 
istics: (1) its amplitude is always re- 
duced over the damaged hemisphere 
whichever the ear stimulated, and (2) 
the P, asymmetry is greater when 
stimulating the ear contralateral to 
the intact hemisphere, and visually the 
interhemispheric asymmetry becomes 
more evident, as described by Kileny et 
al.” Owing to the constantly greater P, 
amplitude over the intact hemisphere, 
the summation of the evoked re- 
sponses obtained for each ear sepa- 
rately does not reduce the ear-depen- 
dent P, interhemispheric asymmetry 
like in normal subjects. As a result 
there is an increase of difference be- 
tween normal and pathologic values of 
the asymmetry index calculated in this 
way (ie, after summation of responses 
of two ears). Moreover, from our re- 
sults it appears that a frontocentral 
index of asymmetry (F’,/F’,) is more 
appropriate than a temporal index 
(T’,/T’,) for evaluating MLAEP ab- 
normalities since there is a lesser in- 
terindividual potential amplitude 
variability in the frontocentral re- 
gions. This is important, as MLAEPs 
recording in temporocentral or tempo- 
ral regions can be misleading for the 
determination of a response asymme- 
try. 

Our results show that P, amplitude 
reduction over the damaged hemi- 
sphere is correlated with lesions in- 
volving cortical auditory structures, as 
already suggested by other au- 
thors.”’? The observation that P, 
can be altered in a patient with a sub- 
cortical lesion in the posterior limb of 
the internal capsule preserving the 
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Fig 5.—P, amplitude measured on the left (F’,, open square) and right (F’,, black square) hemi- 
spheres in the 11 patients presenting a significant P, asymmetry index. Conversely to the normal 
subjects, P, amplitude is constantly greater over the intact hemisphere whatever the stimulated 


ear. 
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Fig 6.—F’,/F’, index value for P, in each of the 21 patients. The mean + 2.5 SDs of 16 control 
subjects’ values determines the limit of normality for this index. Left, Index value for the monaural 
responses. Right, Index value when monaural responses are summed. Note that in this latter con- 
dition the mean value + 2.5 SDs for P, index asymmetry is greatly reduced, thus enhancing the 
difference between pathologic and normal values. Each index value is accompanied by a number 


that identifies the corresponding patient. 


Heschl gyri (patient 8) suggests a role 
for the acoustic radiations in the gen- 
eration of this potential. From its 
morphologic features, we can hypoth- 
esize that the P, component results 
from a postsynaptic activity rather 
than a fast action potential afferent 
volley. Consequently acoustic radia- 
tions are probably not directly respon- 
sible for P,, although they are neces- 
sary for its generation in the auditory 
cortex. The auditory cortices lying tan- 
gentially to the scalp surface in the 
Heschl gyri of each supratemporal 
plane are the structures most likely to 
be responsible for P, but the 
possibility of participation of the lat- 
eral auditory areas cannot be elimi- 


nated.?! 

The observation of a normal N, dis- 
tribution coexisting with the P, asym- 
metry supports the view that N, and P, 
potentials are not generated by the 
same structure. This hypothesis was 
already discussed by others both for 
patients”?’! and for normal sub- 
jects.” The dissociation between 
the N, and P, potentials in cortical le- 
sions is against the hypothesis pro- 
posed by some authors”!**2> that the 
auditory cortices are responsible for 
both components. Further investiga- 
tion is necessary to identify the gener- 
ator of N, potential, which probably 
lies below the acoustic radiations and 
could be situated either at the mesen- 
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Fig 7.—Middle latency auditory evoked potentials of patient 8 in response to right ear (thick line) and to left 
ear (thin line) stimulation. The computed tomographic scan shows a right subcortical lesion involving the in- 
ternal capsule, most probably including the acoustic radiations. P, amplitude is greatly reduced over the right 
hemisphere, whereas N, presents a symmetrical interhemispheric distribution. 


cephalic or diencephalic level. 

Our results indicate a strong corre- 
lation between P, asymmetry and uni- 
lateral extinction of the DLT. Of the 11 
patients with an abnormal P, ampli- 
tude reduction over the damaged 
hemisphere, the 9 who underwent the 
DLT all showed an extinction for the 
ear contralateral to this hemisphere. 
The DLT explores a complex function 
involving structures other than corti- 
cal auditory areas. The concept of 
hemianacusia has been described by 
Michel and associates” to qualify a 
pure sensory deficit revealed by an ab- 
normality of DLT associated with an 
asymmetry of LAEP. The literature 
dealing with LAEP strongly suggests 
that these potentials can be modulated 
by associative processes and that they 
are not related to primary auditory 
activation. The P, potential is probably 
more directly concerned with the first 
stage of temporal cortical processing 
and consequently is more appropriate 
than the N, LAEP component to define 
a primary sensory deficit. Conse- 
quently, extinction at the DLT associ- 
ated with P, asymmetry would define a 
hemianacusia “stricto sensu.” 

A strong correlation is also shown 
between P, asymmetry and anosogno- 
sia. An abnormal P, potential in all of 
our anosognosic patients confirms the 
deafferentation of temporal auditory 
cortex in these patients. Moreover, 
data from patient 8 suggest that re- 
covery from anasognosia is compatible 
with the persistence of abnormal P, 
potential. Anosognosia has also been 
reported to be correlated with abnor- 
malities of LAEPs, and persistence of 
these abnormalities has been observed 
also after recovery from anosognosic 
disorders.’° 
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Fig 8.—Middle latency auditory evoked potentials (MLAEPs) of patient 18 in response to left ear 
(thick line) and to right ear (thin line) stimulation. The computed tomographic (CT) scan in bottom 
left was made 13 days before MLAEP recording and shows a posterior capsular lesion of the left 
hemisphere. The symmetric distribution of P, suggests the integrity of acoustic radiations. The CT 
scan at bottom right was made 4 months later and shows a restricted residual lesion (arrow) in 
the posterior limb of the internal capsule preserving acoustic radiations. 
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Fig 9.—Correlation between P, amplitude and results of dichotic listening test (DLT). Each circle 
is labeled by a number that identifies the corresponding patient. Amplitude asymmetry of P, is cor- 
related with unilateral extinction of the DLT for the ear contralateral to the damaged hemisphere, 
except in patient 11. This patient was suffering from an anterior lesion preserving auditory struc- 
tures (normal P,) but involving brain areas of language activated in the DLT (abnormality of the 


DLT). 


CONCLUSION 

We have determined an MLAEP in- 
terhemispheric asymmetry index. 
This index, based on the amplitude 
comparison between symmetrical 
frontocentral responses, is more pow- 
erful when calculated from the sum- 
mation of the monaural responses over 
the frontocentral region. The abnor- 
mality of the P, component for this in- 
dex is correlated with unilateral dam- 
age of auditory cortex. Our results are 
thus consistent with the premise that 
the P, component mainly reflects the 
primary activation of auditory cortex 
in the supratemporal plane. 
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Evidence for Transhemispheric Diaschisis 


in Unilateral Stroke 


Jeffrey A. Dobkin, MD; Ross L. Levine, MD; Hans L. Lagreze, MD; 
Douglas A. Dulli, MD; Robert J. Nickles, PhD; Bruce R. Rowe 


è Nineteen patients with strictly unilat- 
eral ischemic stroke as determined by 
clinical examination, computed tomogra- 
phy, magnetic resonance imaging, and 
standard angiography underwent cerebral 
blood flow (CBF) analysis using fluorine 18 
fluoromethane and positron emission to- 
mography. Mean flow values for averaged 
hemispheric, infarct, and homologous 
contralateral regions of interest (ROIs) 
were determined. All patient CBF values 
were significantly below comparable CBF 
ROIs in neurologically normal controls us- 
ing Wilcoxon’s two-sample rank testing. 
Multiple regression analysis disclosed a 
significant correlation between contralat- 
eral CBF and both localized CBF in the in- 
farct ROI and patient age. Correlations 
between contralateral CBF and depen- 
dency score or severity of neurologic def- 
icit at time of positron emission tomogra- 
phy, expired Pco,, mean arterial blood 
pressure, serum glucose or hematocrit, 
risk factor score, and number of days 
studied after stroke were not statistically 
significant. Although we did not identify 
the biologic mechanisms involved, we con- 
clude that CBF reduction contralateral toa 
strictly unilateral ischemic infarction is 
due to a combination of aging and trans- 
hemispheric diaschisis. 

(Arch Neurol. 1989;46: 1333-1336) 


The concept of the remote effects of a 

focal brain insult was initially set 
forth by Von Monakow.' From his 
work the term diaschisis emerged to 
describe a complex, multifactorial pro- 
cess. 

With the recent development of 
positron emission tomography (PET), 
new light has been shed on the process 
of cerebral diaschisis. However, con- 
flicting results suggest that much 
more work, with stricter selection of 
controls and a more constant test at- 
mosphere, needs to be done. Results of 
recent PET studies have revealed dis- 
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crepant results in the study of 
diaschisis, but may be flawed by as- 
suming unilaterality of ischemic cere- 
brovascular disease without adequate 
documentation.** Therefore, it seems 
important in utilizing PET in the 
study of diaschisis that investigators 
exclude the possibility that other 
structural disease, however small, may 
be present and contributing to the ob- 
served cerebral blood flow (CBF) or ce- 
rebral metabolic reductions in areas 
distant from the primary brain insult. 
We have previously suggested that 
computed tomography (CT), magnetic 
resonance imaging (MRI), and stan- 
dard angiography all be requisites for 
the confirmation of clinically unilat- 
eral disease.‘ 

We have expanded our strictly uni- 
lateral stroke data set and here report 
CBF values in 19 patients. We sought 
to further validate our earlier obser- 
vations of transhemispheric diaschisis 
as the cause of contralateral CBF 
reduction.* 


PATIENTS AND METHODS 


Subjects for this study were identified 
through the University of Wisconsin PET 
data bank. Of 57 patients studied following 
ischemic stroke, 19 were identified as suf- 
fering from a strictly unilateral infarction. 
Criteria for patient inclusion in this study 
were as follows: (1) single unilateral, carot- 
id-distribution, ischemic infarction as de- 
termined by clinical presentation, plain CT, 
or MRI; (2) absence of contralateral carotid 
arterial disease, other than nonstenotic 
plaquing, as determined by standard an- 
giography; (3) complete documentation of 
risk factor profile, including symptomatic 
coronary arterial disease, hypertension, di- 
abetes mellitus, hypercholesterolemia, hy- 
peruricemia, obesity, elevated serum he- 
matocrit, cigarette smoking, and familial 
history of cardiovascular disease; (4) ab- 
sence of uncontrolled hyperglycemia; (5) 
lack of central-acting sedative medications; 
(6) no prior disease of the central nervous 
system; and (7) stable pulmonary, cardio- 
vascular, and metabolic function during the 
study period. In addition, CT and MRI scans 
were free of cerebral atrophy, leukoencepha- 
lopathy, and contralateral ischemic changes. 
Volumetric analysis of infarcted tissue was 
not performed for this study but probably 
does not reflect a significant variable.’ 

Patients were examined neurologically 
(by R.L.L. or H.L.L.) at the time of their 
PET study and hospital charts were re- 
viewed for findings of significant lethargy 


at stroke onset. Patients were prospectively 
assigned a degree of disability as well as a 
dependency score. Motor severity was rated 
as none (score, 0), mild (score, 1), moderate 
(score, 2), or severe (score, 3), based on the 
relative degree of disability. Speech and 
language disability was rated as none 
(score, 0), mild (score, 1), moderate (score, 
2), or severe (score, 3), based on the aphasia 
severity rating scale proposed by Goodglass 
and Kaplan.® Levels of dependency were 
graded as none (grade 1; score, 0), slight 
(grade 2; score, 1), moderate (grade 3; score, 
2), moderately severe (grade 4; score, 3), or 
severe (grade 5; score, 4), based on a modi- 
fication of the Rankin dependency classi- 
fication.’ We did not strictly control for the 
scanning interval after stroke since these 
data were collected retrospectively, but we 
did use scanning interval as an independent 
variable in multiple regression analysis of 
our data. Patients were studied when ra- 
dioisotopes were available and those in- 
cluded in this report ranged from 5 to 65 
days after stroke. 

A neurologically normal group of 24 vol- 
unteers, all free of specific stroke risk fac- 
tors, was available for CBF analysis. The 48 
hemispheric flow values obtained were used 
to define our normative data base. 

All subjects supplied informed consent 
according to institutional guidelines. 

Cerebral blood flow was measured using 
the fluorine 18 fluoromethane ('*FCH,) re- 
breathing method with imaging by a single- 
slice PET scanner (Ortec Ecat-II, Oak 
Ridge, Tenn). Radionuclides were prepared 
by the cyclotron staff (R.J.N.) of the Uni- 
versity of Wisconsin. Synthesis of '*FCH, 
was carried out using the method of Gatley 
et al.’ 

Details of our CBF procedures have been 
described previously.” Measured attenua- 
tion corrections were performed with a 
germanium 68 ring source. Twenty-five to 
40 mCi of "FCH, was inhaled in a single 
breath, followed by 2 minutes of rebreath- 
ing through a dry spirometer. A soda lime 
trap was placed in the rebreathing loop to 
ensure that the carbon dioxide concentra- 
tion in the inhaled gas remained constant. 
A sequence of 12 one-minute dynamic emis- 
sion scans was initiated at the instant of 
inhalation. Throughout the procedure, ex- 
pired air radioactivity and Pco, values were 
monitored, the former constituting the in- 
put function used to derive best-fit CBF and 
blood-brain barrier partition coefficients. A 
single horizontal emission scan, parallel to 
the canthomeatal line, was acquired at a 
level determined by CT or MRI positivity 
for infarction. Spatial resolution was 16 
mm in the plane of study and slice thickness 
was 18 mm. Averaged flow values were de- 
termined for hemispheric CBF (hCBF) and 
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localized CBF (ICBF) within both the area 
of infarction and the homologous contra- 
lateral noninfarcted area. Regions of inter- 
est (ROIs) were hand-drawn on the is- 
chemic side based on qualitative inspection 
of the CBF maps. The PET software auto- 
matically drew the contralateral, mirror- 
image ROIs. Absolute CBF values were not 
normalized nor were symmetry ratios ap- 
plied to these data.'! The CBF values were 
determined (by J.A.D., D.A.D., and B.R.R.) 
in a “blinded” fashion relative to clinical 
findings. Previous test/retest CBF studies 
in the same normal subjects have revealed 


Table 1.—Clinical and Blood Flow Data* 


Stroke Patients Normal Controls 

(n = 19) (n = 24) 
Age range, y 36-81 25-77 
Mean age, y 61.6 + 4.1 56.1 + 4.6 
Arterial blood pressure, mm Hg 97.7 + 4.4 
Serum hematocrit 0.429 + 0.27 rh 
Expired Pco,, mm Hg 32.4 + 1. 34.7 + 2.0 
Affected hCBF 25.0 + 2.8 Tp 
Contralateral hCBF 29.0 + 3.2 42.0 + 1.9 
Infarct ICBF 25.0 + 2.9 





Contralateral ICBF 31.0 + 3.4 ik A Ee 
Wy Lothario at ondal re from 5% to 17% variability. 
Wilcoxon's two-sample rank testing was 
used to make intergroup comparisons for 
No. of risk factors 3.0 + 0.6 = CBF, age, neurologic severity, dependency, 
No. of days scanned after stroke (range) 21.0 + 7.7 (5-65) aki and expired Pco, values. Multiple regres- 
* Hemispheric and localized cerebral blood flow (hCBF and ICBF, respectively) are reported in milliliters per sion analysis was used to determine which 
100 g per minute as ¢ approximates the 95% limit. All data except those indicating age range and percent le- measured variables in the stroke patients 
thargic are means + SEMs. correlated best with our observation of 


tSummed value for dependence, motor, and speech scores at time of scan. contralateral flow reduction. Means and 


SEs of each measurement (SEMs) as £ ap- 

proximated the 95% confidence interval 

were calculated. When multiple compari- 

Fig 1.—Individual cerebral blood flow (CBF) data points for controls (n = 48 hemispheres) and sons were made, the probabilities were cor- 

_ Stroke patients. Both hemispheric (hCBF) and localized (ICBF) values are depicted. The error bars rected using the Bonferroni method. Linear 

depict each group mean’s error of the mean as t approximates the 95% limit. regression was used to compare contralat- 

55 eral flow reduction with those variables 

found significant on multiple regression 

analysis. A 2X2 contingency table and 

Fisher’s Exact Text were used to analyze 

lethargy relative to lowered contralateral 
CBF values. 





50 


RESULTS 


There was a wide range of CBF val- 
ues across all ROIs studied. Table 1 
summarizes the clinical and CBF data 
for the 19 stroke and 24 control sub- 
jects. Using Wilcoxon’s two-sample 
rank tests, we found that all patient 
CBF values were significantly lower 
(P < .0025) than control hCBF values 
(Fig 1). Although the mean age of our 
controls was less than that of the 
stroke patients, age, age range, and 
expired Pco, values were not signifi- 
cantly different between groups. 

The mean (+SEM) hCBF value for 
controls was 41.0 + 1.9 mL/100 g per 
minute, with 95% confidence intervals 
(CIs) of 34 to 50 mL/100 g per minute. 
No fewer than 14 (74%) of 19 con- 
tralateral hCBF values and 13 (68% ) of 
19 contralateral ICBF values fell below 
the lower CI (Fig 2). 

The stroke patients had a mean 
(+SEM) of 3.0 + 0.6 risk factors with 
12 (63% ) of 19 having a history of hy- 
pertension, 10 (53%) of 19 a cigarette 
smoking history, 8 (42% ) of 19 obesity, 
8 (42%) of 19 symptomatic coronary 
arterial disease, 5 (26%) of 19 hyper- 
cholesterolemia, 5 (26% ) of 19 diabetes 
mellitus, 4 (21% ) of 19 a strong family 
history of cerebrovascular disease, and 
2 (10%) of 19 hyperuricemia. No pa- 
tient had identifiable transient is- 
Control CBF Affected hCBF Contralateral Infarct CBF Contralateral © chemic attacks prior to stroke. Rather 

(n = 48) hCBF ICBF than regress each factor separately, the 
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CBF, mL/ 100 g per Minute 


Affected hCBF Contralateral 
hCBF 


Fig 2.—Stroke patient cerebral blood flow (CBF) data shown compared with the mean normal 
hemispheric value (solid line), its SE measurement (error bar), and the lower 95% confidence in- 
terval (Cl) of normal flow. Other abbreviations are as in Fig 1. 





Contralateral 
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Infarct ICBF 










Table 2.—F Statistic Probability Values for Multiple Regression Analysis on 
Contralateral Hemispheric and Localized Cerebral Blood Flow (hCBF and ICBF) 














number of risk factors for each patient 
was summed for statistical purposes. 

Bilateral neurologic signs were not 
encountered. Excessive lethargy, as 
judged retrospectively from a chart 
review (by R.L.L.), was evident in 8 
(42% ) of 19 patients. We did not, how- 
ever, find a significant difference be- 
tween lethargy and other predictive 
variables. Neurologic severity and de- 
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Predictive Variables hCBF ICBF 
igi 2 aS aE eae anaes 
Disability score .393 .864 
No. of risk factors .934 .456 
No. of days scanned after stroke .869 711 





pendency measures did not signifi- 
cantly separate those with from those 
without lowered contralateral CBF. 
Multiple regression analysis (Table 
2) revealed a significant relationship 
between contralateral ICBF and both 
infarct ICBF (P = .024) and patient 
age (P = .004). Significant or nearly 
significant relationships were also ev- 
ident between contralateral hCBF and 
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Fig 3.—Linear regression of localized con- 
tralateral vs localized infarct cerebral blood 
flow. This significant relationship is expressed 
by the equation y = (0.6)x + 16. Abbrevia- 
tions are as in Fig 1. 


both patient age (P = .048) and infarct 
ICBF (P = .056). Linear regression was 
used to document these relationships 
(Figs 3 and 4). 


COMMENT 


We have shown that CBF contralat- 
eral to a strictly unilateral ischemic 
stroke was reduced and significantly 
correlated with both the infarcted tis- 
sue’s blood flow and patient age. As 
previously reported, this apparent 
transhemispheric diaschisis was 
present in spite of apparent structural 
integrity in the contralateral hemi- 
sphere and carotid circulation.‘ By also 
using multiple regression analysis, we 
attempted to control for the variables 
of arterial blood pressure, hematocrit 
concentration, expired PCO, neuro- 
logic severity, risk factors, and scan- 
ning interval. Since we studied a 
strictly unilateral stroke population, 
we chose neurologically normal volun- 
teers as our controls in this analysis. A 
complete reanalysis of this data set 
would seem reasonable, as also sug- 
gested by Wise et al,’ if a more appro- 
priate control population, such as per- 
sons just prior to having a stroke, could 
be studied. 

The strong correlation between ip- 
silateral and contralateral CBF in our 
study enables us to invoke a mecha- 
nism of either transhemispheric di- 
aschisis or a diffuse effect of yet- 
undefined widespread microvascular 
disease. Prior studies showing CBF 
depression contralateral to a stroke 
have not clearly accounted for vari- 
ables such as chronic hypertension, 
previous cerebral infarction, large- 
vessel occlusion and intracranial 
“steal” phenomenon, increased intra- 
cranial pressure, transtentorial herni- 
ation, drug effects, and change in PCO,, 
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Fig 4.—Linear regression of localized contralateral cerebral blood flow vs patient age. This 
significant relationship is expressed by the equation y = 62 — (0.5)x. Abbreviations are as in 


Fig 1. 


hematocrit concentration, and arterial 
blood pressure.*!""* Our study either 
accounted for all of these variables by 
inclusion criteria or by using multiple 
regression analysis. 

The strong correlation between con- 
tralateral CBF and patient age has 
been reported previously.'*”° Since our 
control and stroke populations had 
comparable age ranges, and since ag- 
ing is considered a factor that lowers 
CBF across all populations, patient age 
appears to be the only determinant of 
blood flow that could have also influ- 
enced our results. Future studies 
might age-restrict study populations 
so as to remove age as a predictive 
variable. 

In a recent review, Feeney and 
Baron? defined the “essential criteria” 
for cerebral diaschisis. These include a 
circumscribed injury, a neuronal basis 
for the depressive effects, occurrence 
at a distance from the lesion, identifi- 
cation of the fiber tracts involved, and 
a reversible process. In our patient 
population, these criteria have essen- 
tially been met. It is of particular 
interest that contralateral CBF reduc- 
tion did not appear to relate to bilat- 
erality of neurologic dysfunction. 
While Von Monakow' developed the 
concept of diaschisis based on clinical 
observations of lethargy, we found no 
correlation between contralateral CBF 
reduction and lethargy. Thus, clini- 
cally defined and CBF-defined diaschi- 
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sis may not be the same. Of additional 
importance is that side-to-side sym- 
metry ratios and landscape methods 
not be used in data analysis of CBF 
following stroke, since these forms of 
analysis are flawed by assuming that 
contralateral CBF is normal.” 
Future expansion of this work might 
include serial observations of flow and 
metabolic measurements in patients 
with strictly unilateral stroke com- 
pared with patients with strictly uni- 
lateral transient ischemic attack only, 
all of whom could be age-restricted 
and have comparable systemic deter- 
minants of blood flow. This would both 
remove age as a predictive variable 
and, by making study groups more 
easily comparable, better control for 
widespread microvascular disease. In 
addition, since patient data were col- 
lected retrospectively, and since our 
patients were heterogeneous in regard 
to scanning interval, we have under- 
taken two separate, prospective, and 
longitudinal studies to look at both 
CBF and cerebral metabolism at uni- 
form timing intervals following ische- 
mic infarction. Until such modified 
data sets are available for study, we 
will accept that our results of contra- 
lateral CBF reduction are due to trans- 
hemispheric diaschisis and aging. 
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Correlates of Headache in a Population-Based 


Cohort of Elderly 


Nancy R. Cook, ScD; Denis A. Evans, MD; H. Harris Funkenstein, MD; Paul A. Scherr, ScD; 


Adrian M. Ostfeld, MD; James O. Taylor, MD; Charles H. Hennekens, MD, DrPH 


è Data from a community-based study 
of 3811 persons aged 65 years and older 
were used to describe the characteristics 
of headache in the elderly. Subjects were 
asked whether they experienced head- 
ache in the past year, the frequency and 
severity of their headaches, and whether 
they experienced three symptoms of mi- 
graine: unilaterality, nausea or vomiting, 
an aura preceding the headache. Preva- 
lence of headache in those aged more than 
65 years declined with age in both men 
and women; women had a higher preva- 
lence in each age group. The same was 
true for frequent, severe, and migrainous 
headache. We examined age- and sex-ad- 
justed correlations of headache with sev- 
eral medical and social factors. Preva- 
lence of any headache was strongly asso- 
ciated with joint pain, depression, 
bereavement, waking during the night, use 
of eyeglasses, symptoms of temporoman- 
dibular joint dysfunction, and self-assess- 
ment of health. Similar variables were as- 
sociated with frequency, severity, and mi- 
grainous symptoms, and thus could not be 
distinguished among these various types. 

(Arch Neurol. 1989;46:1338-1344) 


Headache is a common and uncom- 

fortable condition that has been 
much more extensively studied in 
clinic settings than in the general pop- 
ulation, especially among the elderly. 
One large community study, the Pon- 
typridd Headache Survey,' provides 
prevalence figures for both headache 
in general and migraine headache in 
particular from a community in Wales. 
That study, as well as other prevalence 
surveys, examined headache primarily 
among young and middle-aged adults, 
and included relatively few subjects 
over age 65 years. The present study 
was conducted in a community popu- 


lation of persons aged 65 years and 
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over, and provides prevalence data for 
headache, including frequent and se- 
vere headache as well as migrainous 
symptoms. It also examines correlates 
of headache among the elderly. 

Studies from clinic populations sug- 
gest that the correlates of headache 
may include psychological factors such 
as stress, personality type,? and 
depression’; food substances such as 
alcohol’; physical factors such as dis- 
orders of the ears, eyes, temporoman- 
dibular joint, or teeth‘; and history of 
myocardial infarction and stroke.’ 
Many of these factors have not been 
examined in population studies. Since 
some of these variables predict mor- 
tality, it is also useful to identify true 
correlates of headache and control for 
their confounding effects in prospec- 
tive studies of morbidity and mor- 
tality.>° 


SUBJECTS AND METHODS 


In 1982, a census and a population survey 
concerned with common medical and social 
problems of persons aged 65 years and older 
were conducted in East Boston, Mass, an 
urban, working class community of 32000 
residents. This research is part of the Es- 
tablished Populations for Epidemiologic 
Studies of the Elderly effort, a four-center 
project sponsored by the Epidemiology, Bi- 
ometry, and Demography Branch of the 
National Institute on Aging.’ The instru- 
ment used in the population survey was 
a structured, interviewer-administered 
schedule of questions. Of 4485 community 
residents aged 65 years and older, 3811 
(85%) were interviewed, 147 of them 
through proxy respondents who were not 
asked about headache. 


Definition of Headache 


The interview included a 10-part question 
on headache. These items were slightly 
modified to suit the American idiom from 
an instrument developed and used by Wa- 
ters and colleagues in Wales. All partici- 
pants were asked if they had experienced 
headache within the past year. Those re- 
sponding positively were asked further 
questions concerning its frequency, ie, 
whether they experienced headache once a 
year or less, several times a year, once a 
month, several times a month, once a week, 
or several times a week. Headaches were 
classified as frequent if they occurred sev- 
eral times a month or more. Subjects were 
also asked about severity of headaches, ie, 
whether they were extremely severe, quite 


severe, moderately severe, slightly severe, 
or not severe at all. Headaches were classi- 
fied as severe if they were reported to be at 
least moderately severe. 

Subjects were also asked if they had ex- 
perienced symptoms usually thought to be 
characteristic of migraine: whether their 
headaches were throbbing or thumping, 
whether the headaches were on one side 
only (unilateral), whether they knew when 
a headache was coming (aura), and whether 
they felt nauseated or vomited during the 
headaches. Response categories for these 
Symptoms were never, sometimes, usually, 
always. For the analyses presented here we 
dichotomize the responses, considering 
those reporting a symptom “sometimes” or 
more frequently as positive for that symp- 
tom. A previous study by Waters and 
O’Connor’ showed a strong positive associ- 
ation between diagnosis of migraine by a 
neurologist and self-report on a population 
questionnaire of a combination of three 
characteristics: unilateral symptoms, aura, 
and nausea or vomiting. To calculate the 
prevalence of migraine in our population, 
we computed frequencies of subjects expe- 
riencing the various combinations of uni- 
laterality, aura, and nausea or vomiting. 
We then applied the prevalences of clinical 
migraine found by Waters and O’Connor’ 
among these symptom subgroups and com- 
puted a weighted average using the sub- 
group frequencies as the weights. This 
weighted average was computed separately 
for each age and gender group to derive 
age-sex-specific prevalences of migraine. In 
the analysis of correlates of migraine, head- 
aches were treated as migrainous if at least 
two of the three symptoms were present. 


Other Health Data 


The questionnaire used in our study con- 
tained items pertaining to a wide range of 
other medical and social issues. Included 
were use of eyeglasses, ability to see news- 
print with or without eyeglasses, use of a 
hearing aid, loss of teeth, handedness, his- 
tory (self-report) of diabetes, myocardial 
infarction, stroke, and current and past 
cigarette smoking. Exertional chest pain 
(angina) was assessed by questions from 
the London School of Hygiene Cardiovas- 
cular Questionnaire.” Subjects were asked 
if they experienced joint pain (pain and 
swelling in any joint and in the neck or back 
on most days for at least 1 month), intended 
as a marker for arthritis,'! and were asked 
to assess their health as compared with 
others of their age group.” Current alcohol 
consumption was calculated as ounces con- 
sumed per day, from a weighted average of 
reported consumption of liquor, beer, and 
wine. Subjects were asked their current 
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marital status, years of education, and 
usual lifetime occupation. The latter was 
classified according to perceived occupa- 
tional prestige using the modified Duncan 
Socioeconomic Index.'* A question concern- 
ing clicking or popping when opening or 
closing the jaw was used to elicit symptoms 
of temporomandibular joint dysfunction. 
Subjects were asked about sleep distur- 
bances, including whether they had trouble 
falling asleep, waking during the night, or 
waking up too early. 

Response to stress was identified by a se- 
ries of six questions. These items included 
whether the individual is hard-driving and 
competitive; usually pressed for time; eats 
quickly; and if, when angry, keeps it to 
himself or herself, blames others, or talks 
to friends. We compared those with three or 
more responses in the direction of “type A” 
behavior to those with fewer. A similar 
classification was used for scores on a 10- 
item scale of symptoms of low morale or 
depression modified from the Center for 
Epidemiologic Studies Depression Scale."* 
Subjects were asked whether they felt 
everything was an effort; felt depressed, 
happy, lonely, sad, or disliked; felt people 
were unfriendly; had restless sleep; enjoyed 
life; or could not “get going.” Those report- 
ing three or more such symptoms (30% of 
the population) were compared with those 
reporting fewer or no symptoms. Social 
isolation was assessed through questions on 
membership in social groups; frequency of 
seeing children, friends, or relatives during 
the past year; and loss of a close friend or 
relative through death in the past year. 
Participants were also asked how fre- 
quently they attended religious services. 

Brief performance tests of certain areas 
of cognitive function were included in the 
interview.” To test immediate memory, 
subjects were read and then asked to recall 
a brief story. The test was scored according 
to how many of six specified ideas contained 
in the story were recalled. To test attention, 
subjects were asked to repeat a five-digit 
series of numbers. If the repetition was in- 
correct, they were asked to repeat a series 
of four digits. The series of digits was 
selected from those used in the Wechsler 
Adult Intelligence Scale.'* A variant of a 
mental status questionnaire included nine 
questions to assess orientation.” These 
included asking the date, the subject’s age, 
and the name of the president of the United 
States. Subjects were scored by how many 
of the nine items they answered correctly. 


Statistical Analysis 


To examine the association between 
headache and each of the variables de- 
scribed above, we first used contingency ta- 
ble analysis. We computed the age- and 
sex-adjusted prevalence of headache for 
each variable by standardizing the preva- 
lence for each sex and 5-year age group to 
the age and sex distribution of the total 
population. To test for significance we used 
the Mantel-Haenszel test”! or the Mantel 
extension test” to combine data across age- 
sex strata. Relative risk estimates from 
each stratum were similarly combined in 
the logarithmic scale using as weights the 
inverse of the variance.” We used stepwise 
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Prevalence of headache among East Boston, Mass, residents aged 65 years and over as reported 
in 1982 population survey. Top left, Age- and sex-specific prevalence of any reported headache. 
Top right, Age- and sex-specific prevalence of report of frequent (several times per month or more) 


headache. Bottom left, Age- and sex-specific 


prevalence of report of severe headache. Bottom 


right, Estimated? age- and sex-prevalence of migraine. 


Table 1.—Prevalence of Features of Migraine Among Men and Women With Headache 
Aged 65 Years or Older in East Boston, Mass, 1982 to 1983 


Feature 
Unilateral 
Aura 
Nausea 
Unilateral only 
Aura only 
Nausea only 
Unilateral and aura 
Unilateral and nausea 
Aura and nausea 
At least two features 
All three features 
None of these features 
Any headache 


multiple logistic regression analysis to ex- 
amine the simultaneous effects of all avail- 
able variables. Terms for age and sex were 
forced into the model, and all of the vari- 
ables examined singly were included as 
candidates. Ordinal variables were tested 
with a one degree of freedom trend test. 


RESULTS 
Prevalence of Headache 


In this study 53% of women and 36% 
of men 65 years and older reported 


No. (%) With Indicated Feature 


TTT TT 
Women 


506 (43.4) 
291 (25.0) 
322 (27.6) 
252 (21.6) 
89 (7.6) 
95 (8.2) 
79 (6.8) 
104 (8.9) 
52 (4.5) 
306 (26.3) 
71 (6.1) 
423 (36.3) 
1165 (100.0) 


201 (40.9) 
102 (20.7) 
117 (23.8) 
102 (20.7) 
38 (7.7) 
42 (8.5) 
34 (6.9) 
45 (9.1) 
10 (2.0) 
109 (22.2) 
20 (4.1) 
201 (40.9) 
492 (100.0) 





headache in the past year. The Figure, 
top left, shows the proportions of indi- 
viduals who reported headache in the 
past year by age and gender. Among 
this population we found that the prev- 
alence of headache was inversely re- 


lated to age, the prevalence was higher 


among women in all age groups, and 
there was no apparent interaction 
with age and gender. Frequent head- 
ache, ie, occurring several times a 
month or more, was reported by 17% 


Headache—Cook et al 1339 










Table 2.—Correlation of Factors Reflecting Physical Function or Medical History and 


Symptoms With Any Reported Headache Among Participants Aged 65 Years or Older 


in East Boston, Mass, 1982 to 1983 


Report of Headache 


PLB 


Age- and Sex-Adjusted Relative 


Correlates Prevalence, % Risk 


Physical function 
Use of eyeglasses 





No 37.5 1.00 

Yes 46.9 1.29 
Ability to see newsprint 

Good 45.4 1.00 

Fair or poor 52.5 1.17 
Hearing aid 

No 45.9 1.00 | 

Yes 51.3 1.12 
Teeth lost 

None 47.1 1.00 

One jaw 48.5 1.03 | 

Both jaws 44.9 0.95 
Handedness (writing) 

Right 46.3 1.00 

Left 45.5 0.93 
Handedness (cutting) 

Right 46.3 1.00 

Left 45.5 0.93 


Medical history and symptoms 
History of myocardial infarction 


No 44.9 1.00 
Yes 56.8 1.25 
History of angina 
No 44.5 1.00 
Yes 63.4 1.42 
History of stroke 
No 46.2 1.00 
Yes 47.2 0.95 
History of diabetes 
No 46.1 1.00 
Yes 47.4 1.02 
Jaw clicking 
No 42.2 1.00 | 
Yes 59.9 1.28 
Pain in any joint 
None 40.0 1.00 
Pain only 55.9 1.40 | 
Pain and swelling 61.0 1.53 
Pain in neck or back 
None 41.5 1.00 
Pain only 66.0 1.59 | 
Pain and swelling 70.2 1.69 
Jaw click and joint pain 
(neck or back) 
Neither 40.7 1.00 
Jaw click only 51.6 1.27 
Joint pain only 66.6 1.64 
Both 82.0 2.02 
Trouble falling asleep 
Rarely /never 36.5 1.00 
Sometimes §1.2 1.40 | 
Most of the time 56.1 1.54 
Waking during night 
Rarely / never 37.2 1.00 
Sometimes 47.4 1.27 | 
Most of the time | 55.2 1.48 
Waking too early 
Rarely / never 36.2 1.00 
Sometimes 49.1 1.36 | 
Most of the time 56.6 1.56 
Self-assessed state of health 
Excellent 33.9 1.00 
Good 41.9 1.24 
Fair 55.2 1.63 
Poor 56.8 1.68 





* Erom Mantel-Haenszel test or Mantel extension for ordinal variables. 
TFrom x? test with 3 df. 
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P Value * 


.0016 


.0030 


13 


21 


.88 


.58 


<.0001 


<.0001 


.67 


.60 


<.0001 


<.0001 


<.0001 


<.0001t 


<.0001 


<.0001 


<.0001 


<.0001 






of the population. Women had a higher 
prevalence of frequent headache than 
men (Figure, top right); in contrast to 
all reported headache, however, there 
was only a slight downward trend in 
prevalence of frequent headache with 
age. Thus, the proportion of individu- 
als reporting less frequent headache 
decreased most strongly with age in 
this population. A downward trend 
with age was seen in report of severe 
headache (Figure, bottom left), and 
women were more likely than men to 
report severe headaches. Frequency 
and severity of headache were related; 
among those who reported frequent 
headache, 52% had severe headache, 
whereas only 29% of those who had 
them less frequently reported severe 
headache. 

The prevalence of features usually 
believed to denote migraine headache 
was also investigated. Table 1 shows 
the proportions among those reporting 
headache in the past year who stated 
that they experienced the three mi- 
graine-associated symptoms of unilat- 
eral headache, aura, and nausea. For- 
ty-one percent of men and 43% of 
women reported unilateral headaches. 
Twenty-one percent of men and 25% of 
women reported an aura before head- 
ache, and nausea or vomiting was ex- 
perienced along with the headache by 
24% of men and 28% of women. While 
these frequencies are fairly high, only 
4% of men and 6% of women with 
headache reported that they experi- 
enced all three of these symptoms of 
migraine. Two or three of these symp- 
toms were reported by 22% of men and 
26% of women with headache. Among 
the total study population, two or 
three symptoms were experienced by 
3% of both men and women. The oc- 
currence of migrainous symptoms also 
increased with both frequency and se- 
verity of headache. Fifty-three percent 
of those who had at least two migrain- 
ous features reported frequent head- 
ache as compared with 32% among 
those who had less than two features 
with their headache. The correspond- 
ing proportions reporting severe head- 
ache were 54% and 32%, respectively. 

The Figure, bottom right, shows the 
estimated prevalence of migraine 
among the total population by age and 
sex derived from the classification 
scheme of Waters and O’Connor.? For 
women the prevalence estimates de- 
clined from 14% at ages 65 to 69 years 
to 6% for those over 90 years, while for 
men the rate dropped from 10% among 
the youngest group to 5%, then to 0% 
in those aged more than 90 years. The 
overall estimated prevalence among 
this population was 7% among men 
and 12% among women. 
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Correlates of Headache 

We examined the relationship of 
several factors to the report of head- 
ache during the previous 12 months. 
Table 2 shows age- and sex-adjusted 
prevalences standardized to the total 
age and sex distribution of the popula- 
tion for several measures of physical 
function, medical problems, or symp- 
toms. Impaired vision, as evidenced by 
need for eyeglasses or inability to see 
newsprint, was associated with in- 
creased prevalence of headache; how- 
ever, other factors, such as use of a 
hearing aid, edentuousness, and hand- 
edness, whether for writing or cutting 
with scissors, were not found to be re- 
lated to headache. In contrast, of the 
medical problems examined, only his- 
tory of diabetes and stroke showed no 
relation to headache. History of myo- 
cardial infarction and angina, symp- 
toms of temporomandibular joint dys- 
function (as evidenced by a clicking or 
popping when opening or closing the 
jaw), and joint pain, whether pain in 
any joint on most days for at least 1 
month or restricted to pain in the neck 
or back, showed a strong relation to 
headache. When temporomandibular 
joint dysfunction and joint pain in the 
neck or back were examined simulta- 
neously, both variables exhibited 
strong independent effects on head- 
ache. Various forms of sleep distur- 
bances, including trouble falling 
asleep, waking during the night, and 
waking up too early, were all associ- 
ated with increased prevalence of 
headache. Self-assessment of state of 
health was also strongly associated 
with headache. 

The relation of headache to certain 
health habits and psychological or cog- 
nitive factors is shown in Table 3. Nei- 
ther current cigarette smoking nor 
current alcohol consumption had any 
relation to report of headache in this 
population. Persons reporting depres- 
sive symptoms or those with answers 
suggesting a type A response to stress 
were significantly more likely to report 
headache, as were those failing the 
digit span test of attention. However, 
prevalence of headache was not signif- 
icantly related to score on the test of 
memory or the mental status question- 
naire. 

The relationships of headache with 
various social characteristics are also 
shown in Table 3. Currently married 
persons were more likely to report 
headache than were unmarried per- 
sons. Thirty-two percent of subjects 
reported loss of a close friend or rela- 
tive other than spouse during the past 
12 months, and this was associated 
with increased headache. Loss of 
spouse, however, was not related to 
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Table 3.—Correlation of Health Habits, Psychological or Cognitive Factors, and Social 
Factors With Any Reported Headache Among Participants Aged 65 Years or Older in 
East Boston, Mass, 1982 to 1983 


Report of Headache 
P errr 
Age- and Sex-Adjusted Relative 
Correlates Prevalence (%) Risk P Value * 


Health habits 
Current smoking 
No 


Yes 


Alcohol per day 
None 


<1 oz 
= 1 oz 


Psychological and cognitive factors 
Stress (of 6 items) 


0-2 items 43.4 1.00 
a S E EA E a <.0001 
> 3 items 50.1 1.16 
Depression (of 10 items) 
0-2 items 38.4 1.00 
i a i E <.0001 
=>3 items §7.5 1.48 
Score on test of memory 
Good 45.4 1.00 
lh el eee el NE Bee PS Pe T 
Moderate 48.4 1.07 .87 
ee ee AE TE SE 
Poor 42.5 0.94 
Score on test of attention 
First series (correct) 44.9 1.00 
Second series (correct) 48.7 1.08 .0003 
M SB crag at E E SEE aiai a e T a Re Ee a Ee 
Both wrong 54.0 1.20 
Score on mental status questions 
0-3 right 47.0 1.00 
je a a S A o T E E 
4-6 right 45.2 0.96 .92 
Pid iiit ee ene 
7-9 right 46.5 0.99 
Social factors 
Currently married 
No 43.3 1.00 
es ee E E SGE E e <.0001 
Yes 50.6 1.15 
Widowed in past year 
No 46.3 1.00 
Sa any .94 
Yes 47.9 1.15 
Bereavement (loss of a close friend 
or relative in the past year) 
No 43.0 1.00 
Mit. en ee eee E a A ee <.0001 
Yes 49.9 1.16 


Social support (how often see children, 
friends, or relatives) 
No 46.1 1.00 


Yes 46.2 1.00 


.63 





Group membership 


No 46.5 1.00 
ee eS .83 
Yes 46.5 0.98 


Attendance at religious services 


ES DTT 2 a a EE EE I ee 
=> 1/week 46.1 1.01 


Education, y 
0-7 49.3 1.00 


ee 


8-11 45.3 0.92 .0012 
=12 41.7 0.85 


Modified Duncan Socioeconomic Index 
Low 49.6 1.00 


FE a E a ee ee OE UPS EE ee 
Middle 44.7 0.90 
Saige gee aS a eee N ees AR es Pe ae E ee A; 
High 40.5 0.82 

*Erom Mantel-Haenszel test or Mantel extension for ordinal variables. 





Never 45.7 1.00 
PRE a a PRETO Net See el eS a 
Sometimes 47.4 1.04 .85 

| <.0001 
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Table 4.—Logistic Regression Model for All Correlates for Any Reported Headache 
Among Persons Aged 65 Years or Older in East Boston, Mass, in 
Order of Entry Into the Model 


Correlate Coefficient Relative Risk P 

Constant 2.270 

Age, y —0.051 0.95 <.0001 
Sex (male) —0.631 0.53 <.0001 
Pain in neck or back * 0.448 1.57 <.0001 
Depressed (=3 of 10 items positive) 0.349 1.42 .0002 
Self-assessed state of health 0.191 1.21 .0002 
Currently married 0.316 1.37 .0003 
Waking during night 0.138 1.15 .012 
Bereavement in past year 0.235 1.26 .0029 
Wears eyeglasses 0.440 1.55 .0083 
History of angina 0.384 1.47 .017 
Trouble falling asleep 0.132 1.14 .027 


















* Joint pain is coded as 0, none; 1, pain only; and 2, pain and swelling. 
tThe sleep variables are coded as O, rarely/never; 1, sometimes; and 2, most of time. 
+Self-assessed state of health is coded as 0, excellent; 1, good; 2, fair; and 3, poor. 


headache. Neither social support, as 
indicated by how often the subject sees 
children, friends, or relatives; mem- 
bership in groups, such as labor 
unions, professional groups, social or 
church groups, PTAs, or recreational 
groups; nor attendance at religious 
services were related to report of head- 
ache. Both socioeconomic indicators, 
years of education and occupational 
prestige (as measured by the modified 
Duncan Socioeconomic Index), were 
related to reported headache; the prev- 
alence of headache decreased with 
higher status. 

We examined the relation of the 
above variables with headache simul- 
taneously in a stepwise logistic regres- 
sion model. The variables selected by 
the model along with their estimated 
coefficients are shown in Table 4. Be- 
sides age and sex, the three most 
strongly predictive variables in the 
analyses adjusted only for age and sex 
were also the most predictive in the 
multivariate model. These were pain in 
the neck or back, depressive symp- 
toms, and self-assessed state of health. 
The other variables selected by the 
model, in decreasing order of impor- 
tance, were being currently married, 
bereavement or loss of a close relative 
or friend in the past year, the wearing 
of eyeglasses, waking during the night, 
history of angina, trouble falling 
asleep, and waking up too early. Other 
variables not selected in the multivari- 
ate model, but significant after the ad- 
justment only for age and sex, were 
ability to see newsprint, history of 
myocardial infarction, symptoms of 
temporomandibular joint dysfunction, 
response to stress, waking during the 
night, score on test of attention, and 
the socioeconomic status variables. 
Because a subject’s self-assessment of 
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health may be influenced by headache, 
we repeated the analysis excluding 
this variable as a candidate. The same 
variables entered the model, and the 
effect estimates were similar. 


Types of Headache 


We also examined correlates of fre- 
quency, severity, and presence of mi- 
grainous symptoms among those who 
reported any headache. We considered 
all of the factors in Tables 2 and 3. Ta- 
ble 5 lists all factors found to be asso- 
ciated with either frequent, severe, or 
migrainous headache at the P = .05 
level. Most of these were also predic- 
tive of any headache in the population. 
They include ability to see newsprint, 
history of myocardial infarction and 
angina, jaw clicking, joint pain, self- 
assessed state of health, sleep distur- 
bances, response to stress, depressive 
symptoms, score on the test of atten- 
tion, being currently married, and 
years of education. While some of 
these factors predict all three charac- 
teristics of headache, others are asso- 
ciated with only one or two. Some of 
the factors that have differential ef- 
fects on frequent, severe, and migrain- 
ous headache include ability to see 
newsprint, history of stroke, being cur- 
rently married or widowed in the past 
year, education, and performance on 
the tests of cognitive function. An 
analysis of headaches that were both 
frequent and severe had results con- 
sistent with these. In the analysis of 
frequent headache among only those 
with severe headaches, the same cor- 
relates generally remained signifi- 
cant. The same was true in an analysis 
of headache severity among those with 
frequent headache. To try to distin- 
guish migraine from severe headache, 
we performed stepwise logistic regres- 









sion analyses predicting migraine with 
and without severity in the model. 
While severe headache was a signifi- 
cant predictor of migraine (P < .0001), 
it did not alter the other factors enter- 
ing the model. These were depressive 
symptoms, pain in the neck and back, 
and trouble waking up too early. Both 
history of stroke and history of angina 
exhibited marginally significant rela- 
tionships with migraine. 


COMMENT 


The prevalence of headache among 
men and women found in this study is 
similar to that reported in Pontypridd, 
Wales, by Waters.' This study indi- 
cates that the decline in prevalence of 
headache with age from early adult- 
hood, reported from Wales! and 
Finland,* continues among the eld- 
erly. Similar trends were seen for 
prevalence of migraine.** Rates of 
migraine in these data are also close to 
those reported by Waters.! 

Report of headache was correlated 
with a number of variables. Variables 
reflecting stress, mood, or personality 
traits seemed to have the strongest 
association with report of headache. In 
particular, it is widely accepted that 
stress and depression play some role in 
headache physiology?**”* and this as- 
sumption is supported in our data. 
Bihldorff et al” found that those who 
experience headache are less facile in 
expressing feelings, are less comfort- 
able in frustrating situations, and feel 
angry more often than those without 
headache. Ziegler et al administered 
tests of anxiety and depression to sub- 
jects in a nonclinic population who ei- 
ther had no or mild headache or had 
severe or disabling headache. Among 
adults aged 20 years and more, those 
who get headaches experienced consis- 
tently more depression and anxiety in 
each sex-age group. The authors” sug- 
gested that it may be hard to distin- 
guish between stress and depression 
with available instruments. In this re- 
gard, it is noteworthy that in the mul- 
tivariate analysis, once report of de- 
pressive symptoms entered the logistic 
model, our measure of stress was no 
longer a significant predictor of head- 
ache. 

We found independent associations 
between headache and both temporo- 
mandibular joint dysfunction and 
joint pain. Reider” reported that those 
with headache or neckache have 
higher frequencies of destructive oc- 
clusal habits, including anterior brac- 
ing, clenching, and bruxism. He did 
not, however, notice any more muscle 
hypertrophy among those with head- 
ache. Concerning the relationship with 
joint pain, Poser’ claimed that the 
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cause of muscle-tension headache in 
the elderly is often cervical osteoar- 
thritis, which starts in the neck region 
and radiates to the temple or forehead. 
We also found a strong relation be- 
tween headache and self-assessment 
of health; this finding has also been 
seen elsewhere.” The direction of this 
relation is uncertain, however, since 
some may report poor health due to 
frequent or severe headaches. 

Caviness and O’Brian‘ suggest from 
clinical experience that symptoms of 
focal disease of the eyes, ears, orbits, 
and teeth may overlap tension or vas- 
cular headache. We found no associa- 
tion with hearing or loss of teeth, but 
only with vision. We found a correla- 
tion of headache with vision problems 
as reflected in the need for eyeglasses 
and inability to read newsprint with or 
without glasses. Poser’ suggested that 
headache, although often attributed to 
ocular problems, may be due to a com- 
pensation in the neck muscles. Our 
finding of no relation with either dia- 
betes or stroke is compatible with pre- 
vious data,*” as is our observation that 
headache is related to history of myo- 
cardial infarction and angina. A rela- 
tion with myocardial infarction but 
not with stroke was also found by Lev- 
iton et al,» and Abramson and Hopp,” 
found a relation between headache and 
angina. 

Cigarette smoking is unrelated to 
prevalence of headache in these as well 
as other data. We also found no re- 
lation to overall alcohol consumption 
in the past year, although previous 
clinical studies have suggested that 
consumption of alcohol may trigger 
headache.'™ 

Finally, we found little correlation 
between social influences and head- 
ache. Although loss of a close friend or 
relative in the past year was signifi- 
cantly associated with headache, no 
relation was found between headache 
and our measures of social isolation or 
attendance at religious observances. 
Although several studies*”*! have 
found that headache is not related to 
marital status or social class, we did 
find strong relations both with being 
currently married and our measures of 
socioeconomic status. The relations 
with the latter measures did not per- 
sist, however, in the multivariate 
model. 

We also found frequency and sever- 
ity of headache and migrainous symp- 
toms to be related. Besides being 
highly correlated, the three character- 
istics exhibited similar associations 
with the factors we examined. 
Waters” suggested that migraine may 
actually represent the extreme in a 
spectrum of severity of headache, in 


Arch Neurol—Vol 46, December 1989 


Table 5.—Statistically Significant* Correlates of Frequent, Severe, and Migrainoust 
Headache Among Persons Reporting Any Headache Aged 65 Years or Older in East 
Boston, Mass 


Relative Risk (P Value) 


OCC OW ——————— 


Migrainous 
Headache 


Severe 
Headache 


Frequent 
Headache 





Ability to see newsprint 


(fair or poor vs good) 1.34 (<.0001) 1.29 (.013) 1.40 (.16) 
History of myocardial 

infarction (yes vs no) 1.26 (.0014) 1.21 (.013) 1.41 (.0014) 
History of stroke 

(yes vs no) 1.47 (.0066) 0.97 (.97) 1.55 (.012) 
History of angina 

(yes vs no) 1.47 (<.0001) 1.34 (.0011) 1.68 (<.0001) 
Jaw clicking 

(yes vs no) 1.33 (.0054) 1.51 (<.0001) 1.45 (.0008) 


Pain in any joint 
Pain only vs none 


Pain and swelling 


vs none 1.54 (<.0001) 1.44 (<.0001) 2.11 (<.0001) 


Pain in neck or back 
(Pain only vs none) 


(Pain and swelling 


vs none) 1.61 (<.0001) 1.57 (<.0001) 2.31 (<.0001) 





Self-assessed state of health 
(Good vs excellent) 1.51 1.59 1.13 
(Fair vs excellent) 2.06 1.76 1.51 
2.02 (<.0001) 


(Poor vs excellent) 2.80 (<.0001) 2.40 (<.0001) 






Trouble falling asleep 
(Sometimes vs never) 1.40 1.25 1.34 
(Most of time vs never) 1.68 (<.0001) 1.53 (<.0001) 1.68 (<.0001) 





















Trouble waking during night 
(Sometimes vs never) 1.08 1.30 1.27 
(Most of time vs never) 1.58 (<.0001) 1.61 (<.0001) 1.43 (<.0001) 














Trouble waking up too early 
(Sometimes vs never) 1.24 
(Most of time vs never) 1.84 (<.0001) 



















1.40 (<.0001) 2.14 (<.0001) 


Stress (3-6 vs 0-2 items) 


1.13 (.057) 1.03 (.32) 2.50 (.012) 


Depression 


(3-10 vs 0-2 items) 1.68 (<.0001) 1.56 (<.0001) 1.93 (<.0001) 


Score on test of memory 
(Moderate vs good) 


(Poor vs good) 1.31 (.45) 1.00 (.13) 1.59 (.0065) 


Score on test of attention 


(Second vs first 
series right) 
(Both wrong vs first 


right) 1.59 (.0014) 1.49 (.025) 1.47 (.15) 





Currently married 


(Yes vs no) 0.81 (.0048) 1.10 (.12) 0.96 (.65) 
Widowed in past year 

(Yes vs no) 1.46 (.0011) 0.88 (.66) 1.52 (.074) 
Group membership 

(Yes vs no) 1.22 (.002) 0.96 (.57) 1.24 (.032) 


Education (years) 


(8-11 vs 0-7) 





(=> 12 vs 0-7) 0.76 (<.0001) 0.95 (.22) 0.77 (.011) 


* To be included, a correlate must be associated with at least one frequent, severe, or migrainous headache 
at the 0.05 level. 

t+Exhibits at least two of three migrainous features. 

+From Mantel-Haenszel test or Mantel extension for ordinal variables. 
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contrast to the widely accepted view 
that migraine is a separate nosologic 
entity. Other authors have recently 
supported Waters’ suggestion. Ziegler 
et al” performed a factor analysis of 49 
symptoms reported by headache suf- 
ferers. They identified 17 unique fac- 
tors, but no one of these included the 
symptoms most often associated with 
migraine headache. The analysis of 
Kaganov et al* supports this finding, 
as do the data of Waters’; both of these 
studies showed little clustering of the 
classic migraine symptoms. Kaganov 
et al* and Drummond* suggested that 
migraine may lie on a continuum in 
which vascular involvement steadily 
increases. On the other hand, Diehr et 
al,* in a cluster analysis of 726 head- 
ache patients, did identify clusters 
that corresponded to the classic defi- 
nitions of tension and migraine head- 
ache. Abramson and Hopp” found 
somewhat different age-gender distri- 
butions between migrainous and non- 
migrainous headache, and were able to 
form a Guttman scale with the classic 
migraine symptoms in their data. In 
their study,” as in ours, the correlates 
of migrainous and nonmigrainous 
headache were essentially the same. 
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These observations do not suggest dif- 


ferent mechanisms of causation for 
the various types. In the multivariate 
analysis of migraine in this study, se- 
verity alone, however, did not com- 
pletely account for symptoms of mi- 
grainous headache. The correlates of 
migraine remained the same with and 
without severity in the model. This 
suggests that migraine is not simply a 
marker for severity, at least as mea- 
sured by these instruments. Inconsis- 
tencies in our data could be due to the 
fact that we used a definition for mi- 
graine based on self-reported symp- 
toms. In the study by Waters and 
O’Connor,’ approximately 58% of 
those reporting two or three features 
of migraine on a population question- 
naire exhibited clinical migraine as 
judged by a neurologist. 

We find several correlates of head- 
ache, both general headache and spe- 
cific types, in our data. Personality and 
mood variables appear to be among the 
strongest of the correlates in the eld- 
erly. Because our data are from a 
cross-sectional survey, it is difficult to 
infer any cause-effect relationships. 
The correlates identified may be of 
particular interest as potential con- 
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Practice of Neurology 


The 1985 National Ambulatory Medical Care 
Survey of Neurologists 


A Clinician’s Perspective 


Matthew Menken, MD 


s the number of practicing neurolo- 
gists has increased in the United 
States, the scope of neurologic practice 
has changed as well. It has been pro- 
jected that the number of neurologists 
in the United States will have in- 
creased from 1920 in 1960 to 8078 in 
1990, a change of 321%.' Unless the 
roles of neurologists in the provision of 
health services in 1960 and 1990 are 
specified, however, the effects of this 
large and rapid increase in the total 
number of neurologists cannot be de- 
termined. Practice studies, therefore, 
are of great importance, since they 
may be expected to identify the scope 
and content of neurologic practice and 
care, ie, the role definition of a neurol- 
ogist at a certain point in time. More- 
over, comparative practice studies 
(over time, and in different regions) 
provide the scientific information that 
is necessary to examine the conse- 
quences that follow from differences 
in, and modifications of, the roles of 
neurologists in the provision of health 
services. 

The first major comprehensive field 
study of neurologists was conducted by 
the University of Southern California 
School of Medicine, Division of Re- 
search in Medical Education, Los An- 
geles, in March and April 1978. A sum- 
mary of the results of this study has 
been presented previously.2 From 1973 
through 1981, and again in 1985, the 
Division of Health Care Statistics of 
the National Center for Health Statis- 
tics conducted year-long sample sur- 
veys of office-based medical practice in 
the United States, which included of- 
fice-based neurologists..* Unless oth- 
erwise specified, data prior to 1985 in 
this analysis reflect earlier National 
Ambulatory Medical Care Survey 
(NAMCS) studies; the University of 
Southern California study is not com- 


Accepted for publication March 17, 1989. 

From the Department of Neurology, Robert 
Wood Johnson Medical School, University of Med- 
icine and Dentistry of New Jersey, New Brun- 
swick. 

Reprint requests to 1527 Highway 27, Somerset, 
NJ 08873 (Dr Menken). 


1346 Arch Neurol—Vol 46, December 1989 


parable since it was not limited to am- 
bulatory care. 

Since many neurologists are not fa- 
miliar with the results of the 1985 
NAMCS, a summary of the results, 
demonstrating what is actually being 
done in ambulatory neurologic prac- 
tice in the United States, is presented 
here as a partial answer to the ques- 
tion: What was the role in practice and 
care of a US neurologist in 1985? Since 
the focus of the NAMCS report is on 
the characteristics of patient visits, 
rather than on the practice behavior of 
neurologists, I have extended the anal- 
ysis of the database here. Overtly, an- 
other objective is to foster a positive 
attitude about such studies among 
practicing neurologists, whose assis- 
tance in carrying them out in the 
future is a sine qua non. The neurolo- 
gist response rate of 66%, although 
better than the response rate in the 
more time-consuming University of 
Southern California study (52% ), was 
slightly less than the overall 1985 phy- 
sician response rate of 70%. To sum- 
marize succinctly a large amount of 
information, I have followed a ques- 
tion-and-answer format. 


FEATURES OF THE NAMCS 


Q. Which physician-patient encoun- 
ters are represented in this study? 

A. From March 1985 through Febru- 
ary 1986, a sample of 5032 nonfederal, 
office-based physicians was selected 
from master files maintained by the 
American Medical Association and the 
American Osteopathic Association. 
Sample physicians were asked to com- 
plete patient records for a sample of 
office visits occurring during a 1-week 
period. Telephone calls, hospital en- 
counters, and other nonoffice encoun- 
ters were excluded; also excluded were 
hospital-based physician visits and 
visits to physicians who are princi- 
pally engaged in teaching, research, or 
administration. Of the 120 neurolo- 
gists sampled from master files, 82% 
were aged 35 to 54 years, and approx- 
imately two thirds were certified by 
the American Board of Psychiatry and 


Neurology. Responding neurologists 
completed 1097 patient records. The 
NAMCS estimates that, in 1985, 40% 
of all office-based, practicing neurolo- 
gists were in solo practice, and 60% 
were in partnership and group prac- 
tice. 


SELECTED CHARACTERISTICS OF 
NEUROLOGIC PRACTICE AND CARE 


Q. How many patient visits do office- 
based neurologists have annually? 

A. In 1985, neurologists had an esti- 
mated 5 million office encounters with 
patients, or 0.8% of all physician en- 
counters in that year. There were 2740 
visits per 1000 people to all physicians, 
and 21 visits per 1000 people to neurol- 
ogists. Approximately 8.7 million total 
physician visits occurred in 1985 for 
headache or head pain alone, of which 
0.61 million, or 7%, were encounters 
with neurologists. Therefore, it is clear 
from the data that many of the care 
requirements of patients with neuro- 
logic disorders are met by nonneurol- 
ogists. 

Q. What are some of the character- 
istics of the patients? 

A. Approximately 32% of the visits 
to neurologists in 1985 were made by 
new patients, and 68% were made by 
old patients for the same (63% ) or dif- 
ferent (5%) problem. Neurologists 
have a ratio of new- to total-patient 
visits that is nearly twice that of the 
average office-based physician (16.9% 
new-patient visits). About 21% of all 
neurologist visits were made by pa- 
tients aged 65 years and older. Of the 
1.58 million new-patient neurologist 
visits, in 1.21 million visits, or 76.4%, 
patients were referred to the neurolo- 
gist by another physician. 

Q. What are some of the most com- 
mon problems in office practice? 

A, Approximately 25% of all visits 
were for headache or head pain, con- 
vulsions, and disturbances of sensa- 
tion. However, in only one third of all 
patient visits was the neurologist able 
to make a diagnosis of a disorder 
affecting the nervous system and sense 
organs (Table). Diseases of the muscu- 
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Mental disorders (290-319) 

Diseases of the circulatory system (390-459) 
Injury and poisoning (800-999) 

Other diagnoses 

Total diagnoses 


* 
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loskeletal system (and connective tis- 
sue) were diagnosed in 18% of patient 
visits. About one in six patient visits 
were for symptoms, signs, and ill- 
defined conditions that could not be 
assigned to any organ system, and 
general symptoms (code 780, including 
collapse, malaise, and dizziness, 
among others) was the most common 
principal diagnosis (11% of patient 
visits). These ill-defined conditions ac- 
count for only 3.5% of total visits to all 
physicians, suggesting that neurolo- 
gists in the United States are often 
called on to evaluate patients with a 
normal neurologic examination for 
vague symptoms usually associated 
with the scope of primary care prac- 
tice. 

Q. What are the duration and dispo- 
sition of patient visits? 

A. Approximately 24% of all visits 
lasted 31 minutes or more, while 13% 
of all visits lasted 10 minutes or less. 
The mean duration of new-patient en- 
counters was 43 minutes, while the 
mean duration of old-patient encoun- 
ters was 20 minutes. Approximately 
38% of all new-patient visits lasted 30 
minutes or less. Roughly two thirds of 
all patients were given a specific return 
visit appointment, and 2.5% of visits 
resulted in a hospital admission. 

Q. What medications are most fre- 
quently prescribed? 

A. No medications were prescribed 
or ordered in 43% of all visits; one 
medication, in 32% of visits; and two or 
more medications, in 25% of all visits. 
Acetaminophen, phenytoin, aspirin, 
and amitriptyline were the four drugs 
most frequently prescribed, account- 
ing for 20% of all medications that 
were prescribed or provided. When 
prescribing amitriptyline, neurolo- 
gists used the generic in approxi- 
mately one half of all prescriptions. 
When prescribing the anticonvulsants 
phenytoin and carbamazepine, how- 
ever, neurologists used the trade 
names Dilantin and Tegretol in 96.5% 
and 97.6% of all prescriptions, respec- 
tively. 

Q. What is the patient visit work 
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Distribution of Office Visits to Neurologists by Principal Diagnosis, 1985* 


Principal Diagnosis (ICD-9-CM Code) 
Diseases of the nervous system and sense organs (320-389) 
Diseases of the musculoskeletal system and connective tissue (7 10-739) 
Symptoms, signs, and ill-defined conditions (780-799) 


CD-9-CM indicates /nternational Classification of Diseases, Revised Ninth Edition, Clinical Modifications. 
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load of office-based neurologists? 

A. Office visits are a proxy of the ef- 
fective demand for the ambulatory 
services of neurologists. The NAMCS 
data show that total annual office vis- 
its to neurologists increased from 
slightly more than 2 million visits in 
1975, to around 5 million visits in 1985, 
a 150% increase during this decade. 
There were 1.58 million new-patient 
visits in 1985. The NAMCS estimates 
an average total weekly office visit rate 
of 26 per neurologist and an average 
new-patient weekly office visit rate of 
8.3 per neurologist. 

Other data sources yield similar 
work load estimates. For example, if 
one assumes that a 1985 total neuro- 
logic faculty of 1708 neurologists‘ has 
no office-based visits, which are there- 
fore provided entirely by 4651 practic- 
ing neurologists (6359 total neurol- 
ogists' minus 1708), each neurologist, 
on average, had 340 new-patient office 
visits in 1985. Further assuming 46 
weeks of practice annually, it follows 
that the average weekly new-patient 
office visit work load is 7.4 patients per 
practicing neurologist. In Colorado, a 
state with 177 total patient care phy- 
sicians per 100 000 people in 1985 (Mas- 
sachusetts had 254), it has been shown 
that practicing neurologists, on aver- 
age, had 13 new office patients per 
week.‘ 


COMMENT 


It has been said of neurologists that 
“all their numbers are going up.” 
However, examination of the data pre- 
sented in the 1985 NAMCS of neurolo- 
gists suggests a major difference be- 
tween macro estimates, which are go- 
ing up, and certain micro estimates, 
which are going down. This dichotomy 
arises from the large and rapid in- 
crease in the total number of neurolo- 
gists in the United States (macro), 
which changes what the individual 
neurologist (micro) is willing and able 
to do per week of practice. Between 
1975 and 1985, the total number of 
neurologists increased from 3180 to 
6359, or 100%, and the total number of 


office visits to neurologists increased 
from roughly 2 million to 5 million, an 
increase of 150%. Since the resident 
population of the United States in- 
creased from approximately 214.9 mil- 
lion people in 1975 to 238.7 million 
people in 1985, or only 11.1%, it is ev- 
ident that neurologists are increasing 
at a rate much faster than that of the 
population. As a result, the average 
number of people served by the indi- 
vidual neurologist is actually decreas- 
ing. On average, each neurologist (in- 
cluding academic neurologists) in 1975 
was available for the care of 67600 
people; in 1985, each neurologist was 
available for the care of only 37500 
people, a decrease of 45% during this 
period. 

Results of practice studies that dem- 
onstrate what is actually being done by 
neurologists may differ from the self- 
perceptions of these neurologists re- 
garding the scope of their own profes- 
sional activities, as well as from the 
norms of care set by panels of experts 
concerning what ought to be done. For 
example, the prestigious Committee 
on National Needs for Neurologists, 
whose activities were approved by the 
Association of University Professors 
of Neurology, suggested in 1986 that 
all first-visit neurologist encounters 
should last at least 45 to 60 minutes for 
optimum care.’ In actual practice, 
however, the mean duration of new- 
patient encounters is 43 minutes, and 
more than one third of all new-patient 
visits lasted 30 minutes or less. (In 
certain acute situations, it seems likely 
that a subsequent patient encounter 
may last longer than an abbreviated 
first visit, but this framework is more 
relevant to neurologic care in the hos- 
pital or emergency room than to the 
care in neurologists’ offices.) It would 
appear that many of the parameters of 
neurologic care derive from the prac- 
tice behavior of individual physicians, 
rather than from standards of practice 
that can be generalized from one care 
setting to another.’ Not surprisingly, 
the parameters of care in office-based 
neurologic practice appear to be dis- 
tinct from those of hospital outpatient 
practice, each calling for somewhat 
different skills, attitudes, and practice 
styles. 

Practice studies in the field of neu- 
rology are of special interest and im- 
portance, in part because the profes- 
sional activities of neurologists usu- 
ally call for coordination of effort with 
other physicians in patient care. Evi- 
dence from the 1985 NAMCS indicates 
that neurologists function in the pro- 
vision of medical care largely as con- 
sultants, since about three fourths of 
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their new-patient work load is deter- 
mined by referrals from other physi- 
cians, rather than by patient self- 
referrals. In a study of new-patient 
visits to neurologists in Colorado, 
about 83% were referred by other 
physicians.” The NAMCS data also 
show that a consultant neurologist in 
the US health care system does not 
usually function on a one-visit-per- 
patient basis. Neurologists often pro- 
vide continuing care (a specific return- 
visit appointment in two thirds of vis- 
its), and may serve as team captain 
(principal care provider) in certain 
situations (a 2.5% “admit to hospital” 
disposition). 

To examine the social consequences 
that follow from a given role definition 
of a neurologist, comparative practice 
studies in different health care sys- 
tems may be helpful. Sociocultural at- 
titudes and values about illness and 
care have a powerful influence on the 
patterns of responsibility among dif- 
ferent groups of care providers, and on 
the ways in which medical care is 
organized. For example, Japanese 
medical specialists have very brief pa- 
tient encounters, by US standards. One 
internist in a suburban, private hospi- 
tal in Japan may have 50 new-patient 
visits and 51 follow-up visits during 
one 3-hour outpatient clinic session. 
Moreover, if the professionally man- 
dated role of the primary care physi- 
cian is clearly defined by the health 
care system, and carried out in prac- 
tice, as in the United Kingdom, then 
the role of a consultant and the hori- 
zons of specialty medicine in general 
are automatically clarified and delin- 
eated. 
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The health care system of the United 
Kingdom, which relies on the general 
practitioner to meet many of the neu- 
rologic (and other organ system) care 
requirements of patients, will require 
relatively few neurologists (and other 
specialists). Each of the 178 consultant 
neurologists in the United Kingdom 
(1987) provides care, on average, for 
308000 people, and the Services Sub- 
committee of the Association of Brit- 
ish Neurologists has recommended 
only one neurologist per 200 000 people 
for optimum care—even though less 
than 10% of all patients with demen- 
tia and stroke may be expected to see 
a consultant neurologist at this neu- 
rologist-to-population ratio.: 

In a recent neurology practice study 
in the United Kingdom, neurologists 
had 30.5 new-patient encounters per 
week, of whom 72%, or 22 new patients 
per week, were seen as outpatients, an 
estimate that is 165% greater than the 
8.3 weekly new patients per office- 
based neurologist in the United 
States.” (Virtually all consultant neu- 
rologists in the United Kingdom are 
hospital-based, salaried physicians, 
although some maintain a private 
practice of about two half-days per 
week.) Some consultant neurologists 
in the United Kingdom have estimated 
that virtually all new-patient encoun- 
ters require 17 to 31 minutes for opti- 
mum care, or roughly 55% less time 
than American (Committee on Na- 
tional Needs for Neurologists) norma- 
tive estimates, and 45% less than the 
NAMCS new-patient visit duration 
mean of 43 minutes. 

The 1985 NAMCS and United King- 
dom practice study data, taken to- 
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gether, suggest that the coordination 
of effort in patient care may become 
dysfunctional if neurologists and other 
groups of specialists develop practice 
styles that foster competition with 
primary care physicians. Data from 
the 1985 NAMCS (vide supra) show 
that only one half of all diagnoses in 
US office-based neurologic practice fall 
within the domain of disorders affect- 
ing the nervous and musculoskeletal 
systems. Such data suggest that the 
role of neurologists in many situations 
is to assist primary care (or other re- 
ferring) physicians by ruling out a 
neurologic disorder as the basis of 
their patients’ symptoms. 

Furthermore, there is no scientific 
evidence in the quality of care litera- 
ture, such as studies of the best out- 
come of care, to support the viewpoint 
that the dysfunction of an organ sys- 
tem should be the exclusive therapeu- 
tic domain of medical specialists in 
that field." Accordingly, I would sug- 
gest that overt competition for pa- 
tients by neurologists with primary 
care physicians is, in the idiom of eco- 
nomics, a weak marketing strategy for 
neurologists (one that might lead to 
primary care physician behavior that 
calls for fewer elective patient refer- 
rals to neurologists as a quid pro quo). 
Moreover, in my view, the emergence 
of such an approach to patient care 
within the national community of 
practicing neurologists would not bein 
the public interest. 
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History of Neurology 


The Dream King’s Psychiatrist Bernhard von Gudden 


(1824-1886) 


A Life Committed to Rationality 


Adrian Danek, MD; Wolfgang Gudden, MD; Hans Distel, PhD 


è Bernhard von Gudden’s life is com- 
memorated as being exemplary for a gen- 
eration of physicians who in the last cen- 
tury established some of the still valid ap- 
proaches of modern neuroanatomy, 
neurology, and psychiatry. His personal 
contribution to neuroanatomy was the ex- 
perimental method, major technical ad- 
vances, and the clarification of the fiber 
course in the optic chiasm. As a psychia- 
trist he introduced the humanitarian prin- 
ciple of ‘no restraint” to German asylums. 
Although he did not attempt to develop a 
systematic nosology, he nevertheless 
founded an influential school of psychia- 
trists (eg, Forel, Kraepelin, and Nissl). For 
many years Gudden served as consulting 
psychiatrist to Bavaria’s royal family and 
drowned together with his patient, King 
Ludwig Il, whose sanity had been ques- 
tioned. 

(Arch Neurol. 1989;46: 1349-1353) 


Or the night of June 13, 1886, the 
bodies of Ludwig II, king of Bavar- 
ia, and his physician, Bernhard von 
Gudden, were found floating in Lake 
Starnberg, 30 km south of Munich, 
Germany. The puzzle of this joint 
death usually attracts the most curi- 
osity about Gudden, associated as it is 
with the unusual personality of the 
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“dream king,” builder of romantic 
castles and sponsor of the operas of 
Richard Wagner. However, for those 
interested in the development of neu- 
roscience, Gudden’s career as an emi- 
nent anatomist and a leading psychia- 
trist exemplifies the development of 
German neuropsychiatry in the last 
century. In this essay, we aim to pro- 
vide an overview of the life of this 
“founder of neurology.” 

Johann Bernhard Aloys Gudden 
(Fig 1) was born in Kleve, a German 
town near the Dutch border, on June 7, 
1824. He grew up in a Catholic family 
as one of seven sons. His father was 
owner of a local brewery and a member 
of the town council. When in 1843 
Gudden began his studies, first of phi- 
losophy, then of medicine, at the uni- 
versity in Bonn, most German profes- 
sors and students belonged to the rad- 
ical political opposition. During this 
period, Gudden was exposed to the lib- 
eral ideas of the student movement 
and even founded a new fraternity 
called “Frankonia” in December 1845. 
Shortly after, Gudden left Bonn for 
Halle, another German university 
town, where he met the physiologist 
Alfred Volkmann (1800-1877), who 
sponsored Gudden’s doctoral disserta- 
tion on torsional eye movements (1848) 
and supposedly triggered his interest 
in neurology and the experimental 
approach.’ In 1849, after completing 
his studies in Berlin, Gudden served 
for a year in the army.‘ Although there 
is no evidence of his having taken an 
active part in the revolution of 1848/ 
1849, in retrospect, Gudden’s decision 
to enter psychiatry (a not yet fully es- 
tablished medical discipline) may have 


been influenced by the progressive 
Zeitgeist of this period. 


A CAREER IN PSYCHIATRY 


In 1849 Gudden became an assistant 
to Maximilian Jacobi (1775-1858), who 
is regarded as a main proponent of the 
“somatic school” of psychiatry and 
had turned the asylum in Siegburg into 
a model for the developing mental 
health care system in Germany. Gud- 
den left in 1851 to join C. F. W. Roller 
(1802-1878) in Illenau. This large asy- 
lum in the seclusion of the Black For- 
est, with its “countryside psychiatry,” 
aimed to promote patients’ sanity by 
providing a protected environment 
with gardening and farming possibili- 
ties. Despite the new approach and its 
motto of “love and serve,” the practice 
of restraining patients was still in 
use. 

In the summer of 1855 at age 31 
years, Gudden was appointed director 
of Werneck, a newly established asy- 
lum in northern Bavaria, where he de- 
veloped his own system of psychiatric 
care, and he was the first German psy- 
chiatrist to eliminate, where possible, 
the use of mechanical restraint. “No 
restraint” had originally been advo- 
cated by the British psychiatrist John 
Conolly (1794-1866) and Gudden him- 
self wrote specifically: “But we regard 
as even more important than the elim- 
ination of mechanical force the respect 
for, the care and strengthening of even 
the smallest vestiges of freedom of the 
mind and the rejection of every form of 
spiritual oppression.” 

Gudden not only developed practical 
solutions to everyday medical prob- 
lems such as the occurrence of decu- 
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Fig 1.—Bernhard von Gudden in the mid- 
1870s, as professor of psychiatry and director 


of the asylum in Munich (from Forel’s photo- 
graph collection). 


bital ulcers, but also investigated these 
scientifically. Thus, he refuted the con- 
cept of “neuroparalytic” diseases, and 
showed, for example, otic hematomas 
and rib fractures of psychiatric pa- 
tients to be mainly the result of mis- 
treatment by ward personnel.’ In ad- 
dition, he demonstrated that a com- 
promised nervous system does not 
necessarily develop a “neuroparalytic” 
inflammation, since after sectioning a 
rabbit’s trigeminal nerve, corneal ul- 
ceration is prevented as long as the 
eyelids are sutured.’ Throughout his 
life, Gudden stressed the humanitar- 
ian implications of these experimental 
findings. 

In October 1869, Gudden was ap- 
pointed director of the Burghdlzli asy- 
lum in Ziirich, Switzerland, and also 
university professor in the newly cre- 
ated discipline of psychiatry. In 1872, 
he became director of the Munich asy- 
lum and subsequently full professor of 
psychiatry. This appointment was a 
decision influenced by governmental 
considerations. The mental illness of 
Crown Prince Otto (1848-1916), the 
younger brother of King Ludwig II of 
Bavaria (1845-1886), was not publicly 
known, and the professor of the Mu- 
nich chair was expected not only to 
provide the most modern treatment 
for the prince but also to be loyal to 
Bavarian interests. After a visit by 
Gudden in January 1874, King Ludwig 
II noted: “...unfortunately Otto is 
worse. The doctors say that he will not 
recover at all from his nervous 
illness ...””!° so Gudden took responsi- 
bility for the everyday care of the 
prince, who was secluded in Fiirsten- 
ried, a small castle near Munich. In the 
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Fig 2.— Some of Gudden’s illustrations of rabbit brains (from Gudden"’). Left, Atrophy of the right 
olfactory bulb after surgical closure of the right nostril. Top right and bottom right, Asymmetries 
in optic nerves, optic tracts, and superior colliculi resulting from early removal of the right eye. 


same year, Gudden received a substan- 
tial increase in salary and was 
knighted Bernhard “von” Gudden. 


THE PASSION FOR NEUROANATOMY 


With the position in Munich, Gud- 
den could have retired to a life of rel- 
ative ease. Nevertheless, he enthusias- 
tically continued the work he had 
started so many years before. His first 
experiments with nerve transections 
can be traced back to 1849, and his 14 
years in Munich were devoted to the 
rapidly developing field of neuroanat- 
omy. 

Gudden’s unique contribution was 
the introduction of the experimental 
method. Although physiologists like 
Bell, Flourens, and Magendie had stud- 


ied nervous function after lesions,! 
Gudden added the anatomical dimen- 
sion, systematically studying nervous 
structure. He was the first to create le- 
sions in the nervous system of newborn 
animals and to study the subsequent 
changes in the brain. Today, this 
method still bears Gudden’s name (Fig 
2). Nevertheless, in his first neuroana- 
tomical article of 1870, he was clearly 
aware of the limits of his method.®!"!2 

Macroscopic observation was widely 
used, since microscopy was still unsat- 
isfactory. Therefore, Gudden and his 
students applied themselves to devel- 
oping new methods for fixing and cut- 
ting brains. Their efforts culminated 
in the development of “Gudden’s mi- 
crotome,” which, in 1875, was used to 
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cut the first complete series of sections 
(about 55 um in thickness) of a human 
brain.** 

Awareness that anatomic elements 
may also become visible using coloring 
agents led Gudden to support the de- 
velopment of the two classic staining 
techniques in neuroanatomy. In 1882, 
Carl Weigert (1845-1904) had pre- 
sented a new procedure at the German 
naturalists’ meeting, “but the aber- 
rant looking pictures were not well re- 
ceived and I would have returned in 
very low spirits, had not Gudden, then 
present, made remarks so full of 
friendly acknowledgement, that I re- 
turned to improving the method with 
renewed industry.” Further, Franz 
Nissl (1860-1919), then a student, won 
the Munich medical faculty’s award in 
1884. He had developed a path- 
breaking, and today still standard, 
method of selectively staining nerve 
cell bodies. Gudden had provided the 
laboratory space and autopsy 
material.'* Weigert’s stain for fibers 
and Nissl’s for nerve cells ideally com- 
plemented one another, and shortly 
before his death, Gudden could state: 
“Things are moving swiftly, the meth- 
ods are now much improved; in eight 
days almost an entire rabbit brain can 
be sectioned and beautifully stained, 
something that twenty years ago I 
would have not considered possible; 
our knowledge will now be poten- 
tiated.” 

With his method of early lesions, 
Gudden was not so much interested in 
mere description of “brain centers,” 
but rather concerned with interdepen- 
dencies and connections between 
them. It is indicative that besides two 
nuclei (dorsal and ventral tegmental), 
a commissure (supraoptic), a tract 
(mamillotegmental), and three fasci- 
cles (of the fornix) bear his name.'*"* 
His approach is best exemplified in the 
studies of the olfactory system? in 
which he first tried to interrupt the 
sensory input by closing nostrils in 
rabbit pups, then attempted to remove 
the olfactory mucosa and nerve, and 
finally separated the olfactory bulb 
from the brain. By this means he was 
able to demonstrate experimentally 
the existence of both primary and sec- 
ondary olfactory projections and, a 
century before Hubel and Wiesel, 
showed that sensory deprivation (clo- 
sure of a nostril) affects brain de- 
velopment.” 

The wealth of observations recorded 
by Gudden using this approach is im- 
possible to review here. However, of 
particular clinical relevance were his 
findings on the visual system. He be- 
came most intrigued by his finding of 
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Fig 3.—Humorous cartoon from an album of August Forel. On the left is the Munich mental asy- 
lum, which is pictured as a shelter from the flood of Munich beer. The inset shows Gudden teach- 
ing Forel experimental anatomy. 


an additional optic bundle, the 
“tractus peduncularis transversus,” 
for which he “sacrificed hecatombs of 
animals” in an elusive search for 
connections. We now know that he 
had discovered part of the accessory 
optic system involved in optokinetic 
nystagmus.” In 1883, Gudden was 
awarded the prize of the German Oph- 
thalmologists’ Society for his unam- 
biguous demonstration of the partial 
crossing of the optic nerves in the hu- 
man chiasma, a contribution that 
helped explain the new clinical discov- 
ery of hemianopia.* 

Interestingly, Gudden remained 
very skeptical concerning the specific- 
ity of cortical functions. The concept of 
a visual cortex, proposed by Hermann 
Munk (1839-1912), was rejected by 
Gudden on grounds of possible arti- 
facts, since he had noted that rabbits 
appeared little impaired even after 
extensive bilateral ablation of the pos- 


terior (visual) cortex.*!” 

Gudden’s passion for anatomy orig- 
inated from the hope for a better 
understanding of mental phenomena. 
In a similar spirit, Theodor Meynert 
(1833-1892) from Vienna, Austria, also 
an anatomist and psychiatrist, named 
his textbook of psychiatry Diseases of 
the Forebrain. Nevertheless, Gudden 
studiously avoided all simplistic spec- 
ulation concerning the relationship be- 
tween anatomic and functional or clin- 
ical knowledge: “First anatomy and 
then physiology; but when first physi- 
ology, then not without anatomy.”* It is 
perhaps surprising that he could main- 
tain such an enduring interest in pure 
neuroanatomy, but maybe the intri- 
cate order he was revealing provided 
him with a retreat from a world of in- 
sanity eluding rational understanding. 

His obligations as psychiatrist to 
the royal family, academic teacher, di- 
rector of the asylum, and consultant to 
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private patients and in legal cases as- 
sured Gudden a busy schedule. He had 
to struggle to maintain his standards 
under the overcrowded and unsanitary 
conditions of the Munich asylum. 
The daily routine and life at the 
asylum is well described in colorful re- 
ports by Gudden’s assistants, such as 
Emil Kraepelin (1856-1926), and is 
nicely portrayed in a sketch from an 
album of August Forel (1848-1931)234 
(Fig 3): “On duty he was strict, even 
harsh and made the highest demands 
on himself and others. . .. Gudden pur- 
sued maltreatment of patients relent- 
lessly.”” However, methods of influenc- 
ing patient behavior were very limited, 
and some of the disciplinary measures 
employed are almost amusing: “In 
those days, the wrong-doers were pun- 
ished by stopping the small amounts of 
beer allowed....Beer played an ex- 
ceedingly important part in the rou- 
tine of the asylum. As far as I can re- 
call, 300 liters were poured out daily.” 
Except for providing humane care, 
little could be done to directly confront 
the challenge of psychiatric illness. 
Kraepelin very succinctly sums up the 
situation: “The confusing throng of 
demented, sometimes unapproach- 
able, sometimes obtrusive patients 
with their ridiculous or repellent, piti- 
able or dangerous oddities, the futility 
of the medical treatment, which was 
usually limited to salutations and the 
clumsiest bodily care, the complete 
helplessness against these types of in- 
sanity, for which there was no scien- 
tific explanation, made me feel the en- 
tire rigor of my chosen profession.” 


THE MUNICH SCHOOL 


Meynert appears to be the first to 
have referred to a school of Gudden, 
and a “genealogy” of psychiatrists” 
shows Gudden at the root of a vast 
tree, bearing the names of Forel, 
Kraepelin, and Nissl, and of Anton 
Bumm (1849-1903) and Sigbert Ganser 
(1853-1931). Constantin von Monakow 
(1853-1930) and the American anato- 
mist Henry Herbert Donaldson (1857- 
1938),”’ both of whom had visited Gud- 
den while still students, were also 
strongly influenced by him. The for- 
mation of this school, however, has an 
interesting twist. While its attraction 
for students of neuroanatomy like 
Donaldson is readily understandable, 
it is quite surprising that the founda- 
tion of a “school of psychiatry” should 
be attributed to a man who was noto- 
riously skeptical concerning psychia- 
try as a scientific discipline. 

Gudden’s resistance to simple sche- 
matizations caused discomfort to as- 
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sistants such as Kraepelin, who noted: 
“However, after explaining the indi- 
vidual case, Gudden made no attempt 
to make any general clinical observa- 
tions. He only really made one single 
diagnosis with certainty, namely that 
of paralysis, which he based on physi- 
cal signs. He doubted and did not 
accept attempts to define other clinical 
syndromes or to trace fine differences 
in mental behaviour; he avoided any 
questions in this context and always 
answered with ‘I do not know.’ ”? Nissl 
wrote: “Clinical psychiatry in a scien- 
tific sense, however, could not be 
learned with Gudden. One learned in- 
stead how to deal with the insane and 
run a large asylum, which was per- 
vaded by a fresh and cheerful spirit.” 

Such positive feelings concerning 
the only aspect of psychiatry Gudden 
thought amenable to improvement 
were, however, not always held. Forel, 
for example, became a bitter critic: “I 
have learned an incredible amount un- 
der him, especially how one should not 
run a mental institution.” Gudden 
obviously provoked strong and ambiv- 
alent feelings among his assistants 
and it seems that his prime importance 
for his “school” was that of a catalyst. 
Emil Kraepelin, perhaps because of 
such confrontations, became founder 
of psychiatric systematization but still 
dedicated his famous textbook from 
1883 to 1909 “to the memory of Bern- 
hard von Gudden.” 

The nature of Gudden’s influence 
was probably best expressed by 
Kraepelin himself: “He did not think 
much of theories or ingenious expla- 
nation. He thought that the only en- 
trance to the psychiatric labyrinth 
could be found by anatomical dissec- 
tion and by penetrating into all the 
fine details of the brain’s construction, 
and not by the misleading clinical ob- 
servation and its sources of er- 
ror....It was touching to hear how he 
hoped in this toilsome way to get a 
better understanding of mental 
diseases.” Most of the psychiatrists 
of the Munich school worked in neu- 
roanatomy at least for a while, and his 
pupil Kraepelin’s quest for a system- 
atic, biologically based psychiatry 
reached its climax with his founding 
the Deutsche Forschungsanstalt für 
Psychiatrie in Munich in 1917. This 
institute, which still exists today as 
the Max-Planck-Institute for Psychia- 
try, may be regarded as the product of 
Gudden’s careful scientific approach, 
and in fact it may well be that his 
skepticism concerning hasty attempts 
at brain-behavior correlations has 
been a main root of such a long tradi- 
tion. 


ANOTHER ROYAL PATIENT 


King Ludwig’s eccentric life-style 
had been a matter of public discussion 
for years, and by 1884 his handling of 
financial affairs raised suspicions re- 
garding his state of mind. “Influential 
circles” were moving to solve the crisis 
by having the king removed from the 
throne on grounds of insanity.*” 

Gudden was consulted for the first 
time on March 23, 1886. He must have 
strongly expressed the view that the 
king was indeed unfit to rule, and 
therefore data for a medical report 
were gathered. In doing so he had con- 
sulted three colleagues who were of the 
unanimous opinion that the king was 
insane and incapable of continuing to 
reign. Thus, on June 9, Prince Luitpold 
(1821-1912), the king’s uncle and next 
in line to the throne, became regent of 
Bavaria.” 

Considering Gudden’s general skep- 
ticism of nosology, it is surprising that 
he used the diagnostic classification of 
“paranoia.” However, a final judgment 
on his diagnosis is impossible, as the 
sources of information, and particu- 
larly the lack of a personal examina- 
tion, remain highly controversial. Nev- 
ertheless, it should be noted that ther- 
apeutic aspects had not been neglected, 
and Gudden urged that Ludwig be 
transferred from his mountainside re- 
sort Neuschwanstein. In a personal 
mission he was able to persuade the 
king to be taken to the castle Berg on 
Lake Starnberg, which had been pre- 
pared for his living under medical su- 
pervision. They arrived June 12, and on 
the evening of the following day, Gud- 
den and Ludwig went for a walk along 
the lakeshore from which they were 
not to return.” 

There is no eyewitness account of 
the death of patient and physician, but 
rumors started circulating immedi- 
ately. The Munich police collected 
handwritten pamphlets saying “Down 
with the hounds that have murdered 
the King!” and it was feared that Gud- 
den’s funeral would be disturbed and 
his grave defaced.” The true sequence 
of events has been a matter for specu- 
lation for more than a century. How- 
ever, the account?! of Gudden’s col- 
league and son-in-law, Hubert Gra- 
shey (1939-1914), seems both quite 
plausible and consistent with recent 
reinvestigations”: on their walk Lud- 
wig tried to drown himself in the lake, 
and when Gudden tried to prevent this, 
he was himself drowned by the physi- 
cally stronger king, who then com- 
pleted his suicidal plan. Gudden’s last 
order before the walk, “No one will go 
with us!” became a matter of intense 
debate. Was he simply misunderstood 
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by his assistant, was this another ex- 
ample of his well-known courage, or, as 
we like to speculate, was this decision 
simply a consequence of his rational 
and humanitarian principles? Gudden 
always sought to follow a rational ap- 
proach, be it in neuroanatomic re- 
search or in psychiatric practice. In 
this case, however, he appears to have 
misjudged the king’s irrationality or 
determination, and to have perhaps 
overestimated his own powers of in- 
fluence. For us, however, his spectacu- 
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lar death should not obscure his pro- 
fessional achievements, despite the 
truth of a contemporary’s remark that 
“With his end he has left the world of 
his colleagues and entered the vast 
field of history.” 


Wolfgang Gudden is a fourth-generation de- 
scendant of Bernhard von Gudden. His doctoral 
thesis‘ expands the present description and 
should be consulted for details and additional 
sources. 

We would like to thank Prof Laetitia Boehm at 
the archives of Ludwig-Maximilians-University 
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THIRTEENTH ANNUAL 
EVOKED POTENTIAL AND 
ELECTRODIAGNOSTIC WORKSHOP 


University of California, Irvine 
The Westin South Coast Plaza Hotel 
Costa Mesa, California 
February 2-4, 1990 





HOW TO RECORD EVOKED POTENTIALS AND EEG MAPS 
Friday, February 2 


This day is introductory featuring lectures and hands-on experience 
with the various kinds of equipment. Lectures will detail recording 
methods for sensory and motor evoked potentials. The participants 
will then be divided into small groups for experience in recording au- 
ditory, visual, and somatosensory evoked potentials. There will be ex- 
posure to techniques of EEG Maps and Topography. Enrollment is 
limited to allow small group instruction. 


ADVANCED METHODS IN THE MOTOR AND SOMATOSENSORY 
SYSTEMS Saturday, February 3 


The second day is a didactic exposition of advanced methods for 
studying the motor and somatosensory systems in humans. In the 
morning, the principles of new techniques using magnetic stimulation 
of the cortex in humans will be presented including their applications 
to clinical disorders. In the afternoon, advanced techniques in soma- 
tosensory evoked potentials will be discussed including the use of 
special methods for stimulating specific receptors of the sensory 
systems. 


NEW TECHNIQUES FOR MEASURING BRAIN FUNCTION 
Sunday, February 4 


The application of new imaging methods for studying brain function 
will be presented, including quantification of the MRI, the use of PET 
scans, and the role of EEG mapping. In the afternoon, new technique 
of recording the magnetic fields produced by the brain will be pre- 
sented along with some of the applications to clinical disorders. 
Magnetic EEGs may prove to be a major new advance in the under- 
standing of brain disorders. 
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FOR FURTHER INFORMATION CONTACT: 
Evoked Potential and Electrodiagnostic Workshop 
Dept. of Neurology/CCM 
University of California, Irvine 
Med Surge |, Room 154 
Irvine, CA 92717 
(714) 856-6088 


CME Credit will be Available. 
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EXPAND YOUR DIFFERENTIAL 
DIAGNOSIS WITH MEDMATE. 


Search MedMate’s 100 Neuro- 
logical diseases for diagnosis and 
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journal references, histories, 
drugs). For IBM-compatible PCs. 
Demo available. 
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Mild Head Injury 
Workshop 


February 8 & 9, 1990 


Increase awareness of significance 
and scope of mild head injuries. 
Keynote Speakers 

Dr. Dorothy Gronwall 

¢ Guidelines for Assessment and Treatment 

¢ Functional Prognosis 

« Factors Affecting Return to Work/ School 

Highly respected worldwide as an expert in 

her field, Gronwall, Ph.D. is a clinical neuropsy- 
chologist at Auckland Hospital, New Zealand. Ad- 
ministrator of the Concussion Clinic, an outpatient 
rehab program forhead injured clients, she founded 
and was first president of Head Injury Society in 
New Zealand and lectures at Auckland University. 
Gronwall has written more than 25 HI publications. 


Dr. Harvey Levin 

¢ Problems of Mild Head Injury 

¢ Methodological Issues 

e Clinical Issues 

A prolific clinical writer, Levin, Ph.D. is a 

pon of Neurosurgery, University of Texas, 

alveston. He is an editor/editorial consultant in 
professional publications such as Archives of Neu- 
rology; Brain Injury; Developmental Neuropsy- 
chology; Journal of Clinical & Experimental Neu- 
ropsychology; Journal of Neuroscience; Cortex; 
and Clinical Neuropsychologist. 

Covered by Other Guest Lecturers 


Topics 
Legal Aspects + Pharmacological Management 
Family Impact + Support Groups 


Fee: $175 (prior to 12/8/89) » Direct inquiries to: 
Reading Rehabilitation Hospital 
RD 1 Box 250 « Reading, PA 19607 
(215) 775-8296 
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Neurological Review 


Perioperative Nerve Lesions 


David M. Dawson, MD, Christian Krarup, MD 


è The scenario is all too familiar. A pa- 
tient has a surgical procedure. Anesthesia 
is uneventful and the procedure goes well. 
Nothing untoward is observed in the re- 
covery room. Later that evening the pa- 
tient complains of numbness, weakness, 
or pain, and a neurological deficit is found. 
A neurologist is called, examines the pa- 
tient, and it is concluded that a nerve 
lesion has occurred, because of stretch, 
ischemia, compression, or laceration. A 
subsequent electromyogram and nerve 
conduction study confirm the clinical im- 
pression, but offer little in the way of 
explanation. Over the subsequent months, 
the patient makes a slow recovery but 
there has been a prolonged period of pain 
and disability. Liability issues loom. This 
scenario could reflect a number of differ- 
ent nerve lesions. This review illustrates 
the different modes of pathogenesis that 
may occur and the variable nature of the 
neurological deficits. We grouped these 
lesions according to the clinical setting in 
which they occur. 

(Arch Neurol. 1989;46:1355-1360) 


Tris term, brachial plexus palsy in 

surgery, refers to injury to the bra- 
chial plexus in a surgical procedure 
unrelated to the plexus itself. The bra- 
chial plexus is probably the most sus- 
ceptible of all nerve groups to damage 
from poor positioning during anesthe- 
sia. The plexus has a relatively long 
mobile course traveling from the ver- 
tebral foramina to the axilla and, dur- 
ing its course, it lies in close proximity 
to a number of mobile bony structures. 
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Several studies indicate that stretch- 
ing is usually the chief cause of injury. 
As a source of nerve injury, direct 
compression is probably rare, but a 
bony prominence may contribute to a 
stretch lesion by acting as a fulcrum or 
stabilizing point over which a nerve 
trunk must pass and increasing the 
distance it must traverse. 

The clinical picture in patients who 
have had stretch injury to brachial 
plexus is usually that of a relatively 
painless motor deficit commonly af- 
fecting the upper roots (C5-7). The 
clinical findings of little pain, little at- 
rophy, and marked weakness strongly 
suggest that focal conduction block is 
the mechanism of physiological defi- 
cit. 

Kwaan and Rappoport’ studied the 
brachial plexus, using cadavers, by 
means of a tension-recording device 
along the brachial plexus. Increasing 
tension was observed as the arm was 
progressively abducted. Maximum 
stretch occurred with 90° abduction of 
the arm combined with 30° of exten- 
sion. If both arms were abducted at the 
same time, this added tension on the 
plexus. Compression was estimated by 
palpation of the plexus during these 
maneuvers and none was observed 
throughout these motions. Stretch ap- 
peared to be more apparent in individ- 
uals of lighter body weight. Jackson 
and Keats? produced similar data; they 
also recorded radial artery tracings in 
five patients. 

One of Trojaborg’s cases’ showed 
conduction block on nerve conduction 
testing. Few complete and well-docu- 
mented studies of postoperative bra- 
chial plexus injury have been pre- 
sented and it is not known how many 
have similar findings. 

Britt and coworkers‘ diagram the 
different ways in which the lesion may 


occur and show the arm positions that 
are most likely to cause stretch injury. 
Upper plexus lesions occur with full 
abduction. Lower plexus lesions occur 
primarily when the arm is close to the 
side. If the patient is maintained in 
Trendelenburg position and is sus- 
pended by the wrists, this can stretch 
the lower trunks of the plexus, or if the 
patient is in Trendelenburg position 
and shoulder pads are used, lateral 
placement of the pads with the arm 
abducted can drive the head of the hu- 
merus downward toward the waist and 
stretch the plexus around it. Britt et al‘ 
use the term positioning trawma, im- 
plying that it is the responsibility of 
the surgeon and the anesthesiologist 
to protect the patient by use of proper 
positioning and padding. A recent 
study’ showed that frequency of such 
injuries is now approximately 0.02% (3 
instances of brachial plexus injury in 
15000 cases of general anesthesia). 
Fifteen years ago, Parks‘ reported 28 
(0.06%) brachial plexus lesions in 
50000 procedures. The older literature 
has been well summarized.’”* 

Most patients recover within 3 
months, although some prolonged re- 
coveries up to 1 year after injury have 
been recorded. Surgical exploration of 
the plexus is not indicated. 


BRACHIAL PLEXUS PALSY DUE TO OPEN 
HEART SURGERY 


Open heart surgery by a median 
sternotomy approach has given rise to 
additional mechanisms for brachial 
plexus injury. Even without extreme 
abduction of the arm or other poten- 
tial causes of stretch injury, plexus in- 
jury may occur. Graham et al’ de- 
scribed five patients with brachial 
plexus injuries, and in all of them the 
lower roots of the brachial plexus were 
most affected. In three patients the le- 
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sion was bilateral, although not sym- 
metrical. Pain was a prominent fea- 
ture in all of these patients and their 
recovery was protracted and incom- 
plete. The least recovery occurred in 
one patient who had diabetes. Eventu- 
ally, the patients made a good func- 
tional recovery, but the amount of pain 
was significant. Other authors’ have 
had similar experiences with their pa- 
tients. 

In a large prospective study of 531 
patients undergoing open heart sur- 
gery at the Cleveland (Ohio) Clinic, 
Lederman et al and Hanson et al” 
found 26 patients who had sustained 
brachial plexus injury. In 22 of these 
patients, the lower trunk (C8 and T1 
nerve roots) was affected. Electromyo- 
grams (EMG) confirmed this clinical 
impression in 13 patients. These au- 
thors suggested that cannulation of 
the jugular vein may have some role to 
play. In 17 of 21 patients who had lower 
trunk lesions, there was a correlation 
between the side of the jugular vein 
cannulation and the side of the bra- 
chial plexus affected, suggesting that 
needle trauma played a role. Conceiv- 
ably, these nerves, in patients who un- 
dergo partial or temporary anticoagu- 
lation, may be subject to compression 
by local hemorrhage. Left internal 
mammary artery dissection, a proce- 
dure that requires a greater degree of 
chest wall retraction, might have 
added a different kind of risk due to 
excessive stretching of the brachial 
plexus in some patients. They note," 
as have many others, that males ap- 
pear to be far more likely to develop a 
brachial plexopathy than do females. 
This may pertain to body habitus or 
weight. 

In the Cleveland series of patients, 
pain was not a major consideration 
and the majority of the deficits re- 
solved within a 6- to 8-week period, 
suggesting that conduction block and 
neurapraxia were relevant mecha- 
nisms. 


BRACHIAL PLEXUS PALSY DUE TO 
THORACIC OUTLET SURGERY 


The maximum enthusiasm for trans- 
axillary rib resection for thoracic out- 
let syndrome (TOS) was probably in 
the middle 1970s. In certain areas of 
the United States, this procedure was 
performed on hundreds of patients. 
The primary indications for surgery, 
in the hands of many thoracic sur- 
geons, have been numbness and tin- 
gling in the hand produced by a posi- 
tional change in the arm and accom- 
panied by changes in the pulse at the 
wrist with change in arm position. 
Most surgeons have reported an ex- 
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tremely low rate of complications of 
this procedure and while neither the 
syndrome nor the indications for sur- 
gery were well defined, it did not ap- 
pear that there was any special risk. 

Within the past decade, neurologists 
have defined a more specific syndrome 
that has come to be known as the true 
neurogenic TOS. In this condition, def- 
inite atrophy and weakness of the 
hand develop, typically a global atro- 
phy of all intrinsic muscles, accompa- 
nied by sensory loss in the territories 
of the ulnar and medial antebrachial 
cutaneous nerves. These patients are 
rare. 

Within the past decade, it has be- 
come clear that serious neurological 
complications can ensue from a surgi- 
cal procedure for TOS. Horowitz" de- 
scribed 4 patients who had severe post- 
operative pain and increased neurolog- 
ical deficit following a transaxillary 
first rib removal. All 4 patients had 
severe long-lasting causalgia, and 1 
committed suicide. Wilbourn’ de- 
scribed 8 additional patients, none of 
whom had preoperative clinical find- 
ings of true neurogenic TOS. Postop- 
eratively, the patients had neurologi- 
cal deficit accompanied by causalgia. 
The patients were interviewed an av- 
erage of 6.8 years after surgery and all 
were markedly disabled at that time. 
In keeping with the clinical picture in 
these patients, EMG findings were 
those of severe axonal injury, with 
normal conduction velocities and la- 
tencies, marked reduction of sensory 
and motor action potentials, and espe- 
cially marked loss in the median terri- 
tory. Kline and Judice,’ in a series of 
171 patients with diverse types of se- 
vere brachial plexopathy, described 
4 patients with plexopathy after first 
rib removal. Cherington and co- 
workers'® described 5 patients, 3 of 
whom had postoperative causalgia. 

The frequency of neurological com- 
plications after TOS surgery is un- 
known. All neurologists who have an 
interest in the peripheral nervous sys- 
tem have encountered such cases, but 
the denominator of the equation is un- 
known. A rather informal study of 
thoracic surgeons was carried out by 
Dale," in which he asked for responses 
to a mail survey of members of the In- 
ternational Cardiovascular Society, 
and by this means he found 273 cases 
of partial or complete neurological def- 
icit due to brachial plexus injury. In 
19% of cases, there was persistent 
functional deficit in periods of follow- 
up ranging to years. 

The mechanisms of injury to the 
plexus in these cases, with poor out- 
come and causalgia, are unknown. 


During the procedure through the ax- 
illa the arm has to be held in 90 degrees 
of abduction and most surgeons use 
intermittent periods of relaxation of 
the arm to avoid prolonged stretch. 
This fact would suggest that there is a 
risk of stretch injury. However, the 
nature of the clinical findings, when 
there has been a poor outcome, does 
not suggest stretch injury. Kline and 
Judice’ and other surgeons imply that 
there has been surgical trauma with 
severed roots. Horowitz'* suggests par- 
tial or complete root avulsion. 
Wilbourn” argues that the reduction 
of SAP is evidence against the avulsion 
theory, since avulsion is preganglionic. 
The fact that the injury on clinical and 
EMG grounds is frequently wide- 
spread and involves more nerves than 
those arising from one root is also 
against avulsion. Since the pain and 
neurological loss is usually immediate, 
it is not possible to invoke scar forma- 
tion. 

The contrast in the published liter- 
ature between the neurological!*!*!° 
and the surgical reports'’”? is truly 
striking. Dale’s article in 1982'’ was 
the first to document adequately the 
existence of any complications of first 
rib removal. Already at that time, 21% 
of malpractice claims entered against 
thoracic surgeons were related to pro- 
cedures for TOS” (citing data from 
1975 to 1978). Wilbourn™ eloquently 
describes the discrepancy between 
neurological and surgical views of this 
matter. The neurological deficit seen in 
these patients after TOS surgery is of 
unknown origin. Articles on surgery 
imply that surgical trauma has oc- 
curred, but, in fact, this is not estab- 
lished. Clearly, a prospective study of 
well-defined patient groups is needed 
and is long overdue. 


POSTOPERATIVE ULNAR NERVE PALSY 


Ulnar nerve lesions are among the 
most common focal peripheral neur- 
opathies. Some of them may occur in 
the postoperative period, or symptoms 
that previously had been mild and 
transient may abruptly become much 
more obvious and disabling. It is 
known that ulnar nerve disorders are 
heterogeneous, some reflecting long- 
standing trauma, some entrapment in 
the cubital tunnel (a fibrous opening 
between the two heads of the flexor 
carpi ulnaris), while others are due to 
external compression. All of these fac- 
tors may play a role in postoperative 
ulnar palsies. It is known, for instance, 
that patients who develop ulnar nerve 
lesions during a surgical procedure 
uniformly have abnormalities of nerve 
conduction testing in both the affected 
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arm and the contralateral arm.” This 
implies that a preexisting lesion of the 
ulnar nerve is common, if not univer- 
sal. Nevertheless, the clinical picture is 
obviously one in which new events 
have occurred. During surgery, the 
patient’s arm is frequently adducted 
and then, in this position, if it is 
pronated, the ulnar nerve is more vul- 
nerable to pressure. Miller and Camp” 
followed up eight patients with a post- 
operative ulnar nerve lesion, usually 
occurring after intra-abdominal or in- 
trathoracic operations. The electro- 
physiological data suggested that the 
lesion had occurred at the cubital tun- 
nel. These authors believe that the in- 
jury was a consequence of pressure 
from a sharp edge of the operating ta- 
ble, or by the steel rail used to attach 
an appliance to the table. Unlike cases 
of external compression by a tourni- 
quet or blood pressure cuff, in which 
conduction block occurs, the patients 
seen by Miller and Camp” had pro- 
longed symptoms. It was not known 
whether these patients had been oper- 
ated on with the arm in the pronated or 
the supinated position; Wadsworth 
and Williams” had pointed out that in 
the pronated position, the ulnar nerve 
is more exposed to external sources or 
compressive injury. 

On the other hand, it is also a well- 
known fact that the ulnar nerve is 
subject to compression in the cubital 
tunnel when the elbow is fully flexed, 
thus accounting for the frequent re- 
port by patients with ulnar nerve le- 
sions that their fingers will tingle 
when the arm is held flexed for a pro- 
longed period. Wey and Guinn” de- 
scribed the effects of different arm po- 
sition during open heart surgery on the 
incidence of ulnar nerve injury in 35 
patients. They concluded that the ul- 
nar nerve was best protected by plac- 
ing the patient’s arms above his head, 
with the elbows partially flexed. As 
they mentioned, this predisposes to 
brachial plexus injury, but they be- 
lieved this could be avoided if marked 
extension at the shoulder was avoided. 
In this small group of patients, the au- 
thors found no difference with the 
forearm pronated or supinated. 

In a study of patients receiving a 
kidney transplant, ulnar  neurop- 
athy was observed in eight patients.” 
The presence of an arteriovenous 
shunt in the hand may have played 
some role. 

Ulnar nerve lesions at the elbow 
during surgical procedures frequently 
reflect the additive effects of position- 
ing, plus a subclinical compression or 
preexisting neuropathy at the cubital 
tunnel. Diabetic patients may be more 
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susceptible. In the large prospective 
series of cardiac cases from 
Cleveland! in which brachial plexus 
injury was carefully studied, ulnar le- 
sions also occurred, but with far less 
frequency. It may be that with further 
care during the course of anesthesia, 
this postoperative complication will 
continue to decline in frequency. 


ISCHEMIC NEUROPATHY CAUSED BY 
ARTERIAL TRAUMA 


In addition to stretch and compres- 
sion as causes of nerve damage, is- 
chemia is a potential source of injury. 
In the perioperative period, placement 
of shunts for renal dialysis, angiogra- 
phy, and arterial cannulation for car- 
diac surgery are examples of this type 
of injury. Unfortunately, such lesions 
frequently produce major degrees of 
axonal damage, with resulting long- 
lasting and painful clinical deficits. 

In some instances, the actual se- 
quence of events is not clear. He- 
matoma formation after arterial can- 
nulation or injury may additionally 
contribute to nerve injury. Two cases 
of brachial plexus injury after arte- 
riography were both found to have 
been caused by hematoma, which had 
formed near the puncture site in the 
axillary artery.” A review published in 
1980 summarizes data until that time” 
and also recommends early explora- 
tion. With the decline in use of this 
particular angiographic site, brachial 
plexopathy from this cause is now 
rare, but comparable injuries to 
branches of the femoral artery are not 
rare, and may involve any of the three 
major sensory branches, usually at the 
level of the inguinal ligament. Honet 
et al** described six patients who had 
rather extensive neurological deficits 
in the legs, sometimes bilateral, after 
femoral cannulation. Bilateral deficits 
suggest embolic lesions, rather than 
local hematoma. 

Wilbourn et al” performed careful 
EMG studies and provided clinical fol- 
low-up of 14 patients who had ischemic 
neuropathy of diverse types, of whom 
8 underwent a surgical arterial proce- 
dure. Deep burning distal pain, distal 
graded sensory loss, and sparing of 
muscular power were the main clinical 
features in these patients. Their EMG 
results show that infarction or axonal 
loss in nerve may occur without dam- 
age to muscle or other tissues in the 
area. 


TRAUMA TO INDIVIDUAL NERVES 
DURING SURGICAL PROCEDURES 


In these complications of surgery 
the peripheral nerve may have been 


the focus of the procedure (as in carpal 
tunnel release) or the nerve may have 
been a nearby structure damaged by 
traction, compression, or nonphysio- 
logical joint positioning. 

Rose et al” present 23 instances of 
peroneal nerve palsy, an incidence of 
0.88%, in 2600 arthroplasties of the 
knee. Most patients who developed this 
complication had severe knee defor- 
mity and the authors believed that the 
more extensive soft-tissue dissections 
played a role. Another case was due to 
positioning in a continuous passive 
motion machine applied to the knee.” 

In the case of sciatic, femoral, or ob- 
turator nerve damage with total hip 
arthroplasty,” a few patients have had 
one or more nerves embedded in meth- 
acrylate, but in most instances surgi- 
cal trauma, bleeding, or stretching was 
implicated. With greater experience 
with total hip replacement, the rate of 
neurological complications has be- 
come far less than indicated in the 
earlier article by Weber et al.” 

Massey and Pleet* present a case of 
sciatic palsy during surgery and cau- 
tion that the diabetic patient may be 
especially susceptible. 

Hematoma at the operative site is 
believed to be the cause of femoral 
nerve damage, occurring in the course 
of renal transplantation.” Postpartum 
femoral neuropathy may be either 
bilateral or unilateral**; in both in- 
stances, a good outcome is expected. 

Meralgia paresthetica, reflecting 
damage to the lateral femoral cutane- 
ous nerve, as it passes close by the il- 
iac crest, has been reported after iliac 
bone procurement for grafting” and as 
a complication of a groin flap.” 

Lower abdominal surgery, hernia 
repair, or gynecologic surgery may 
give rise to damage to local nerves tra- 
versing the lower abdominal wall. 
Three different nerves are relevant, 
the iliohypogastric, ilioinguinal, and 
genitofemoral. Their anatomy is con- 
fusing and there are many anatomic 
variants to complicate the matter fur- 
ther. 

Of them, the best known is surgical 
damage to the ilioinguinal nerve as a 
complication of inguinal herniorrha- 
phy. The nerve, which has a retroperi- 
toneal course after its origin from T12 
and L1 roots, becomes extraperitoneal 
just after it passes medial to the ante- 
rior iliac crest, and runs along the in- 
guinal canal with the spermatic cord. 
Patients complain of pain and may 
have sensory loss in a strip of skin ex- 
tending along the inguinal canal to the 
base of the penis and scrotum or to the 
labia. 

The iliohypogastric nerve is a homo- 


Nerve Lesions—Dawson & Krarup 1357 


z 


logue of the ilioinguinal, but has a 
course and distribution slightly caudal 
to the latter. Its sensory supplies are to 
the region of skin over the greater tro- 
chanter and to the lower abdominal 
wall just above the pubis. 

The genitofemoral nerve, by con- 
trast, remains retroperitoneal and 
much more medial in the pelvis and 
eventually supplies the femoral trian- 
gle, a small area of skin on the medial 
thigh and most of the scrotum and pe- 
nis or labia. 

The clinical syndromes and several 
illustrative cases have been recently 
described.” For established long- 
lasting neuralgia, involving one of 
these nerves of the lower abdomen, a 
surgical exploration is frequently the 
best choice of treatment.” 

Operations for relief of ulnar neur- 
opathy at the elbow may run into any 
of several technical problems.“ The 
medial antebrachial nerve can be in- 
jured and be the source of painful 
paresthesias.*” Wadsworth® describes 
the relationship of external compres- 
sion and cubital tunnel compression. 

Carpal tunnel surgery, while usually 
successful, may encounter compli- 
cations.“ Incomplete sectioning of the 
volar carpal ligaments, severance of 
the palmar cutaneous branch, and re- 
flex sympathetic dystrophy*** are the 
most important surgical complica- 
tions. 

Iatrogenic radial nerve palsy,” an- 
terior interosseous nerve palsy,* and 
pronator syndrome” have all been re- 
corded. 


MECHANISM OF PERIOPERATIVE NERVE 
INJURIES 


The most likely causes of periopera- 
tive nerve lesions are section, compres- 
sion, traction, or ischemia. It is impor- 
tant to identify the probable cause, 
since the prognosis for recovery di- 
rectly depends on the underlying na- 
ture of the neurological deficit. The 
electrophysiologist tries to deduce 
pathogenesis by deciding whether 
there is axonal loss or whether the 
clinical picture may be explained by 
functional disturbances of fibers that 
remain in continuity. 

In early stages it may be clinically 
difficult to assess to what extent weak- 
ness and sensory loss are due to loss of 
axonal continuity or to conduction 
block. The aim of the electrophysiolog- 
ical evaluation is to answer this ques- 
tion and to localize the nerve lesion. No 
single electrophysiological sign is spe- 
cific for these abnormalities and sev- 
eral criteria are necessary to ascertain 
the most likely lesion. Electromyogra- 
phy is performed to evaluate signs of 
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denervation during rest, reinnervation 
of motor units during weak effort, and 
loss of motor units during maximum 
effort. Conduction studies must be ob- 
tained at several sites along the nerve 
to determine which segment is af- 
fected, and the functional integrity of 
both motor and sensory fibers must be 
assessed. 

The timing of the electrophysiologi- 
cal study in relation to the lesion is 
important. After section of a nerve, the 
portion of the axon distal to the lesion 
can propagate an action potential for 
several days,°*? whereas conduction, 
of course, cannot occur across the le- 
sion. Conduction block may therefore 
be erroneously diagnosed; in this situ- 
ation axonal conduction failure® is a 
better term. The conduction studies 
should therefore be repeated after a 
delay of 1 to 2 weeks, since the distal 
portion of the nerve will by then have 
ceased to conduct if axons have been 
interrupted. Electromyographic signs 
of denervation only occur 1 to 3 weeks 
following the nerve lesion; the interval 
is dependent on the length of the nerve 
on the distal side of the lesion. Fi- 
brillation potentials and positive 
sharp waves are signs of denervation 
of muscle fibers but are observed in 
only two thirds of denervated muscles, 
possibly because they may occur peri- 
odically.** Furthermore, denervation 
activityhasbeenfoundinacutecompres- 
sion lesions in patients without clear 
evidence of axonal loss*; these pa- 
tients recovered more rapidly than 
could be explained on the basis of regen- 
eration or reinnervation by collateral 
sprouting, and the amplitude of the 
evoked motor and sensory responses 
remained normal. Moreover, in animal 
models fibrillation activity was found 
in pure demyelinating lesions.” These 
considerations suggest that evidence 
of denervation activity cannot be used 
as an absolute criterion of axonal loss. 

Most patients are referred for elec- 
trophysiological evaluation only after 
some time, when spontaneous recovery 
is delayed or absent. After many weeks 
the electrophysiological changes of 
chronic denervation are different from 
those seen in acute stages. Reduction 
in amplitude of the evoked motor and 
sensory response is the most impor- 
tant sign of axonal loss; on the other 
hand the presence of even small re- 
sponses indicates that the nerve is in 
continuity and suggests that regener- 
ation and reinnervation may occur. In 
this situation a conservative approach 
is indicated and follow-up studies 
should be performed to evaluate 
whether regeneration occurs. If no re- 
sponse is obtained at this late stage, 


complete denervation is likely and sur- 
gical exploration is indicated to ascer- 
tain whether the nerve trunk is in con- 
tinuity and whether reconstructive re- 
pair is necessary." During chronic 
partial denervation, regenerative pro- 
cesses contribute to the changes ob- 
served in both the EMG and the nerve 
conduction studies. Collateral sprout- 
ing from surviving motor axons is as- 
sociated with characteristic changes of 
the motor unit potential, such as pro- 
longed duration, increased amplitude, 
and polyphasic shape*; such changes 
are absent in acute lesions. The evoked 
motor and sensory responses during 
regeneration are characteristically of 
low amplitude and have markedly dis- 
persed shape because the conduction 
velocity of regenerated nerve fibers is 
reduced to 2 to 5 m/s, in contrast to the 
40 to 60 m/s of mature normally my- 
elinated fibers.’ 

The precise mechanism of nerve in- 
jury is unknown in most instances. 
Stretch of the nerve seems probable on 
clinical grounds in brachial plexus in- 
juries. However, other possibilities 
include compression between bony 
structures or kinking over ligaments. 
Compression between bone and a hard 
surface may occur with lesions of the 
ulnar and peroneal nerves.**! The de- 
gree of physical injury necessary to 
cause clinical symptoms and signs is 
variable. Some nerves, as, for example, 
in diabetes mellitus, are more suscep- 
tible to injury® than others, due to 
concomitant ischemia. Whether nerve 
ischemia in patients without associ- 
ated disorders is important is uncer- 
tain; in baboons, nerve compression in 
an ischemic limb did not cause addi- 
tional nerve damage.” “Double crush” 
injuries® have also been suggested as a 
possible mechanism for overt ulnar 
nerve palsy in patients with mild in- 
jury to the brachial plexus during 
sternotomy.”’” However, the concept 
of double crush is in serious doubt fol- 
lowing studies in humans where con- 
comitant entrapment neuropathies 
and cervical radiculopathy were ab- 
sent in most cases.” In the rabbit, a 
double crush occurred only in ex- 
tremely severe nerve constrictions.” 

Traumatic stretch injuries of nerve 
are well documented after motor vehi- 
cle accidents or gunshot wounds.'*° 
However, these lesions are caused by 
high velocity traction, and probably 
are not pertinent to the discussion of 
surgical nerve damage. The effects of 
lower grade stretch applied with low 
velocity have been studied by Denny- 
Brown and Doherty“ in the cat. At 
relatively low grades of stretch epineu- 
rial hemorrhage was seen and is- 
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chemia was considered the likely 
mechanism for the muscle weakness 
that lasted 12 to 31 days; after recov- 
ery, normal motor conduction was 
seen.” In the frog, nerve stretch of 
more than 10% to 20% above the rest- 
ing length caused acute reduction in 
amplitude of the merve action po- 
tential. This failure of conduction 
may have been caused by conduction 
block; Haftek® found signs of myelin 
disruption at moderate degrees of 
stretch. At stretch of 15% of the rest- 
ing length, the blood flow in the nerve 
is completely stopped and this may 
lead to conduction failure and even 
nerve degeneration if maintained for 
long periods.” 

Patients with rapidly recovering 
arm weakness after sternotomy may 
have predominant conduction block at 
the brachial plexus; however, little is 
known about the electrophysiological 
changes across the plexus in these 
cases and nothing is known about the 
pathologic feature associated with 
mild traction. At more pronounced de- 
grees of stretch injury, wallerian de- 
generation is more prenounced. It is in 
these patients that one finds long- 
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lasting weakness, sensory loss, pain, 
and other signs of causalgia.”*!° The 
findings usually indicate prominent 
axonal loss with signs of denervation 
and reinnervation on EMG and mark- 
edly reduced amplitudes of evoked mo- 
tor and sensory responses, correspond- 
ing to their delayed or partial recov- 
ery. Serial studies are important in 
such patients to evaluate progression 
of regeneration. Even if the nerve is in 
continuity, absence of regeneration 
may be caused by scarring and neur- 
oma formation, indicating that surgi- 
cal exploration and repair are needed.” 

The electrophysiological and patho- 
logical changes of compressed nerve 
are well described.”’” In acute com- 
pression, there is displacement of the 
nodal myelin followed by paranodal 
demyelination with conduction block; 
recovery usually occurs within 6 to 8 
weeks after remyelination, although 
long-lasting deficits have been de- 
scribed. In this situation, pronounced 
edema was present in the space be- 
tween the axon and the myelin." 

In more severe lesions, wallerian 
degeneration is prominent. In a case 
with postoperative upper extremity 
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Vertical One-and-a-Half Syndrome 


Supranuclear Downgaze Paralysis With Monocular Elevation Palsy 


Dirk Deleu, MD; Therese Buisseret, MD; Guy Ebinger, MD 


e A patient with bilateral infarction in 
the mesodiencephalic region showed im- 
pairment of all downward rapid eye move- 
ments (including vestibulo-ocular move- 
ments) and foveal smooth pursuit (nondis- 
sociated downgaze péeralysis) associated 
with monocular paralysis of elevation (ver- 
tical one-and-a-half syadrome). Bell’s phe- 
nomenon and all types of horizontal eye 
movements were preserved. The lesions 
may have affected the efferent tracts of 
the rostral interstitial nucleus of the medial 
longitudinal fasciculus bilaterally and the 
premotor fibers to the contralateral supe- 
rior rectus subnucleus and ipsilateral infe- 
rior oblique subnucleus, either before or 
after decussation in the posterior commis- 
sure. 

(Arch Neurol. 1989;46: 1361-1363) 


The mesodiencephalic region is the 
critical area in the mediation of 
vertical gaze. Selective upgaze paraly- 
sis is related to a unilateral lesion lo- 
cated in the posterier commissure, its 
nuclei, and the adjacent pretectal 
area.'? Selective downgaze palsy oc- 
curs in bilateral lesions affecting the 
area located caudal, dorsal, and medial 
to the upper poles of the red nuclei, a 
region corresponding with the location 
of the rostral interstitial nucleus of the 
medial longitudinal fasciculus (rostral 
iMLF).** Supranuciear paralysis of 
vertical gaze can be differentiated clin- 
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ically from nuclear or postnuclear le- 
sions by preserved Bell’s phenomenon 
and vertical oculocephalic movements 
in the absence of voluntary saccades 
and foveal smooth pursuit movements 
(dissociated downgaze paralysis).° We 
have studied a case of nondissociated 
downgaze palsy associated with paral- 
ysis of monocular elevation, caused by 
bilateral thalamomesencephalic in- 
farction. This complex type of vertical 
oculomotor dysfunction, known as ver- 
tical one-and-a-half syndrome, in con- 
trast with the horizontal one-and-a- 
half syndrome resulting from lesions 
affecting the paramedian pontine re- 
ticular formation and the medial lon- 
gitudinal fasciculus, has not previ- 
ously been reported to our knowledge. 
No pathologic studies of vertical one- 
and-a-half syndrome are available in 
the literature. We believe the present 
study provides the first clinical, oculo- 
graphic, and magnetic resonance im- 
aging documentation of this complex 
vertical oculomotor syndrome. 


REPORT OF A CASE 


A 59-year-old man was admitted to the 
hospital with acute-onset diplopia, vertigo, 
and dysarthria. He had complained of mul- 
tiple brief episodes of dizziness in the sev- 
eral months prior to admission. Five 
months before admission he underwent 
right carotid endarterectomy after a tran- 
sient ischemic attack in the territory of the 


-right carotid artery. Intravenous digital 


subtraction angiography at that time re- 
vealed multiple stenotic lesions on right 
carotid and vertebral arteries. Computed 
tomographic scans before and 2 months af- 
ter surgery were normal. Neurologic exam- 
ination on admission showed an alert pa- 
tient with cerebellar dysarthria and mental 
defects, including impairment in recent 
memory. The oculomotor disturbances de- 
scribed below were noted. Discrete left 
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ataxic hemiparesis in the absence of hyper- 
reflexia and extensor plantar response was 
found. General examination revealed bruits 
on all arteries; findings on cardiopulmonary 
examination were normal. 

Examination of visual functions includ- 
ing visual fields was normal. Vertical and 
rotatory nystagmus in the right eye was 
observed in the primary position. Volun- 
tary saccades as well as pursuit attempts 
downward were absent in the lower hemi- 
field (electro-oculography with skin elec- 
trodes) (Fig 1). On attempted upward gaze, 
the right eye moved upward with reduced 
saccades and preserved smooth pursuit 
movements in the upper hemifield. Volun- 
tary saccades as well as foveal smooth pur- 
suit were almost undetectable in the upper 
hemifield of the left eye. Upward oculoceph- 
alic movements were preserved, whereas 
those downward were absent. Upward op- 
tokinetic nystagmus was preserved only in 
the right eye, and downward optokinetic 
nystagmus could not be elicited. Bell’s phe- 
nomenon was preserved in both eyes. All 
lateral types of conjugate eye movements 
were preserved. The pupils were unequal 
(slightly dilated pupil on the left) and 
reacted poorly to light, and convergence 
was abolished. There was no ptosis, lid re- 
traction, or lid lag. Magnetic resonance im- 
aging (Fig 2) revealed lesions bilaterally at 
the thalamomesencephalic junction. On 
both sides the lesions were located in the 
bottom of the third ventricle in the region 
of the upper medial part of the red nucleus. 
Echocardiography results were normal. 

The neuro-ophthalmologic status after 5 
months of follow-up was comparable except 
for disappearance of the vertical and rota- 
tory nystagmus in primary position. 


COMMENT 


Our patient showed nondissociated 
impairment (loss of all voluntary as 
well as vestibular saccades and foveal 
smooth pursuit) of downward eye 
movements associated with monocular 
paralysis of elevation, known as verti- 
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Fig 1.—Vertical eye movements. Lines 1 and 2 show absence of downward voluntary saccades 
in both eyes (no crossing of the horizontal plane; m and dashed line indicate midline). Upward 
saccades in the right eye are decreased in amplitude and almost nonexistent in the left eye. Lines 
3 and 4 show foveal smooth pursuit movement during downgaze palsy, reduced amplitude of up- 
ward foveal smooth pursuit in the right eye, and almost absent upward smooth pursuit in the left 
eye with some superimposed microsaccades. Lines 5 and 6 show optokinetic nystagmus (upward) 
is absent in the left eye. 


cal one-and-a-half syndrome. In addi- 
tion, convergence and pupillary reac- 
tions to light were impaired, suggest- 
ing a lesion at the level of the upper 
mesencephalon. Magnetic resonance 
imaging showed bilateral lesions in 
the area of the upper medial part of the 
red nucleus, adjacent to the bottom of 
the third ventricle, in the distribution 
of the posterior thalamosubthalamic 
paramedian arteries. 


Downward Gaze 


From experimental studies in 
monkeys’” and clinicopathologic find- 
ings in humans," one can deduct that 
the area critical for mediating down- 
ward gaze is confined bilaterally to the 
region located caudal, medial, and dor- 
sal to the upper pole of the red nuclei, 
corresponding to the location of the 
rostral iMLF in monkyes. Biittner- 
Ennever et al‘ were the first to describe 
the relation between downward gaze 
and these nuclei in humans. Further- 
more, these experimental studies sug- 
gested that some of the nuclei (nucleus 
of Darkschewitsch, interstitial nu- 
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cleus of Cajal, the fasciculus retroflex- 
us, and the red nucleus) located in this 
mesodiencephalic region probably do 
not affect vertical gaze at all. If the 
right interstitial nucleus of Cajal had 
been affected in our patient, this could 
be suspected clinically only by the 
presence of a vertical and rotatory 
nystagmus of the right eye, similar to 
that observed in cats after the experi- 
mental induction of lesions of the in- 
terstitial nucleus of Cajal. The ros- 
tral iMLF, being the principal premo- 
tor relay for downward gaze, forms the 
upper part of the mesencephalic retic- 
ular formation and receives afferent 
tracts from the paramedian pontine 
reticular formation and vestibular nu- 
clei, mediating voluntary saccades and 
vestibular saccades, respectively. Ros- 
tral iMLF efferent tracts project bilat- 
erally onto the oculomotor nuclei. Im- 
pairment of all downward saccades 
(including vestibular saccades) and 
downward smooth pursuit, as in the 
present case, suggests a lesion of these 
rostral iMLF efferent tracts, probably 
near their origin at the mediocaudal 





Fig 2.—T,-weighted magnetic resonance im- 
age of the brain (coronal section) shows bilat- 
eral infarction (arrow) in the bottom of the third 
ventricle and adjacent midbrain dorsal tegmen- 
tum in the region of the upper medial part of the 
red nucleus. 


pole of the rostral iMLF. In general, 
vestibular induced eye movements are 
spared, following supranuclear le- 
sions, indicating that the mesenceph- 
alic reticular formation does not 
receive direct efferent pathways 
generating vertical vestibulo-ocular 
movements.*> However, we found one 
pathologically confirmed case study in 
the literature that reported impair- 
ment of the vertical vestibulo-ocular 
movements in supranuclear vertical 
gaze palsy.” Taking into account the 
supranuclear nature of the nondisso- 
ciated downgaze palsy observed in our 
patient, the lesion could only be lo- 
cated in the rostral iMLF efferent 
tracts when they project onto the ocu- 
lomotor nuclei. 


Monocular Paralysis of Elevation 


Selective upgaze palsy can result 
from lesions affecting the rostral 
iMLF or its efferent fibers, which 
project onto the oculomotor nuclei, af- 
ter decussating through the posterior 
commissure.’ Although supranuclear 
lesions in the oculomotor system gen- 
erally produce paralysis of conjugate 
gaze, monocular types of lesions have 
been reported.'*'? Our patient had 
monocular paralysis of elevation in the 
presence of intact Bell’s phenomenon 
and preserved upward vestibulo-ocu- 
locephalic reflex maneuvers suggest- 
ing a supranuclear lesion. In associa- 
tion with the elevation palsy of the left 
eye, upward saccades in the right eye 
were reduced. However, this was prob- 
ably not due to posterior commissure 
involvement since no lesions could be 
demonstrated in this area by magnetic 
resonance imaging. Furthermore, le- 
sions affecting this structure result in 
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dissociated conjugated upgaze paral- 
ysis.’ The restricted amplitude of up- 
ward saccades in the right eye may 
rather have been due to a lesion af- 
fecting the fibers transmitting inhibi- 
tory burst signals to antagonist down- 
ward muscle. The location of these in- 
hibitory burst neurons as well as their 
efferent tracts toward the oculomotor 
nuclei are not as yet well known in 
humans." 

In the literature, monocular paraly- 
sis of elevation has been described in 
different types of lesions. First, in 
lesions affecting the medial longitudi- 
nal fasciculus or brachium conjuncti- 
vum since these connecting fiber sys- 
tems relay the anterior canal with the 
oculomotor nucleus.”? However, in our 
patient, the infarction did not extend 
toward the lower midbrain, suggesting 
sparing of the medial longitudinal fas- 
ciculus and brachium conjunctivum. 
Second, monocular paralysis of eleva- 
tion might result from nuclear or fas- 
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cicular lesions. Clinically, however, 
these would at least coincide with loss 
of Bell’s phenomenon and upward ocu- 
locephalic responses. Finally, as could 
be the case in our patient, it can occur 
from involvement of the premotor fi- 
bers, originating from the ipsilateral 
rostral iMLF and projecting onto the 
ipsilateral inferior oblique subnucleus 
and contralateral superior rectus sub- 
nucleus. These prenuclear fibers could 
have been affected before’ or after’ 
decussation in the posterior commis- 
sure. 

Vertical one-and-a-half syndrome 
has been reported in the literature.”!”’ 
Bogousslavsky and Regli* reported a 
case of upgaze palsy with monocular 
paresis of downward gaze, which is 
different from the neuro-ophthalmo- 
logic features exhibited by our patient. 
Recently Mehler” reported three cases 
of vertical one-and-a-half syndrome as 
the neuro-ophthalmologic finding in 
the rostral basilar artery syndrome. 
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However, no clinical or electro-oculo- 
graphic description was given. In both 
reports, a computed tomographic scan 
was used to localize the lesions, and no 
pathologic studies were provided. ` 

In conclusion, we have presented 
clinical, oculographic, and magnetic 
resonance imaging documentation of a 
complex vertical oculomotor syndrome 
(vertical one-and-a-half syndrome), 
which was due to bilateral infarction 
at the thalamomesencephalic junc- 
tion. The location of the lesions was 
confined to the area of the rostral 
iMLF bilaterally, affecting its efferent 
tracts and presumably also involving 
the upgaze premotor fibers from the 
rostral iMLF, either before or after 
decussation in the posterior commis- 
sure. 
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WORKSHOPS: The workshops are held each day from 

7:00 a.m. to 1:00 p.m. They will emphasize a series of struc- 

tured exercises, utilizing appropriate animal bones, skeletal 3 
bones, bioplastics and biometals. 3 


NEUROSURGEONS—dissection skills for bonework of the 
cranium and spine, including attention to bioplastics and 
biometals applicable to neurosurgery. 


OR PERSONNEL dissection se = = enrollees who have completed 

to become familiar with the applica- ga = 

tions of power instrumentation; dis- & ‘ - ——— Midas Rex ee ee 

cussion of and participation in prob- = =. à = (3,900 Orthopa urgeons; 

lem solving, care, and proper main- = B 3 bi 1,650 Neurosurgeons; 
tenance of power equipment. 2,300 OR Personnel) 


EE 
























PEPEN 
















AR 


mee: 










i 
iq 









i 
: 
| 
] 


wl 
i 
| 


TLL 








Néurology 





VOLUME 46 


JANUARY THROUGH DECEMBER 1989 


American Medical Association Publication 





Néurology 


Chief Editor 


Robert J. Joynt, MD, PhD 
601 Elmwood Ave 
Rochester, NY 14642 


Assistant Editors 
Richard Rudick, MD, Cleveland, Ohio 
Ira Shoulson, MD, Rochester, NY 


History Editors 
Robert Currier, MD, Jackson, Miss 
Richard Satran, MD, Rochester, NY 


Editorial Assistants 
Kathleen Joynt, Rochester, NY 
Nancy Baldwin, Rochester, NY 


Associate Editors 


David Goldblatt, MD, Rochester, NY 


Vladimir Hachinski, MD, FRCPC, London, Canada 


Book Review Editor 


Maurice Charlton, MD, Rochester, NY 


Neurological Review Editors 
Richard Moxley III, MD, Rochester, NY 
Anne Young, MD, PhD, Ann Arbor, Mich 


Editorial Board 


Robert H. Ackerman, MD, Boston, Mass 
Antonio Damasio, MD, PhD, Iowa City, Iowa 
David Drachman, MD, Worcester, Mass 

Alan I. Faden, MD, San Francisco, Calif 
David Goldblatt, MD, Rochester, NY 

Robert C. Griggs, MD, Rochester, NY 

John Growdon, MD, Boston, Mass 

Robert M. Herndon, MD, Portland, Ore 

Jum Kimura, MD, Iowa City, Iowa 


Robert B. King, MD, Syracuse, NY 
Harvey S. Levin, PhD, Galveston, Tex 
Matthew Menken, MD, New Brunswick, NJ 
John Moossy, MD, Pittsburgh, Pa 

George W. Paulson, MD, Columbus, Ohio 
James T. Robertson, MD, Memphis, Tenn 
Peritz Scheinberg, MD, Miami, Fla 
Marjorie E. Saybold, MD, La Jolla, Calif 
Arnold Starr, MD, Irvine, Calif 


AUTHOR INDEX TO VOLUME 46 


In this Index in alphabetical order are listed authors of all articles and letters. Full citation is given under first author 
only; reference is made from joint authors. Names which begin with a prefix are entered under the prefix. The month is 
given as a two letter notation in parentheses. 


A 
Abraham G see Starr A 
Abram SE: Perceived dangers from intraspinal steroid in- 
jections (letter) 719 (Jy) 
Acosta E see Lechin F 


Adachi Y see Urakami K 

Adams HP Jr see Graff-Radford NR 

Alarcón F, Escalante L, Dueñas G, Montalvo M, Roman 
M: Neurocysticercosis: short course of treatment with 
albendazole, 1231 (No) 

Albanese A see Albanese E 

Albanese E, Merlo A, Albanese A, Gomez E: Anterior 
speech region: asymmetry and weight-surface correla- 
tion, 307 (Mr) 

Albert SG see Bernbaum M 

Alburger PD see de Leon GA 

Alessi AG see Walker FO 

Alexander MP, Hiltbrunner B, Fischer RS: Distributed 
anatomy of transcortical sensory aphasia, 885 (Au) 

Allard JC, Hochberg FH, Franklin PD, Carter AP: Magnet- 
ic resonance imaging in family with hereditary cerebral 
arteriovenous malformations, 184 (Fe) 

Allen GS, Burns S, Tulipan NB, Parker RA: Adrenal med- 
ullary transplantation to caudate nucleus in Parkinson's 
disease: initial clinical results in 18 patients, 487 (My) 

Alvarez G, Araya F, Verdugo R, Quinteros O: Prosody, 
socioeconomic level, and right hemisphere (letter) 480 (My) 

Amantini A see Solari A 

Amat J see Lechin F 

Amerman P see Masdeu JC 

Andermann F see Marchal G 

Andersen AR, Olesen J, Olsen TS, Friberg L: Cerebral 
hypoperfusion followed by hyperperfusion in classic mi- 
graine (letter) 606 (Je) 

Anderson B see Ross ED 

Anderson DC, Sherman R: Evoked potentials during mul- 
tiple sclerosis therapeutic trials (letter) 12 (Ja) 

Andrews BT see Klonoff DC 

Anthony A see Doebler JA 

Apicella A see Loewenstein DA 

Appel H: Migraineur or migraineuse? cheval of different 
color? (letter) 839 (Au) 

Anpiaton RE, Chitayat D, Jan JE, Kennedy R, Hall JG: 

oubert’s syndrome associated with congenital ocular fi- 
brosis and histidinemia, 579 (My) 

Aquilina J see Pullicino P 

Araya F see Alvarez G 

Arimura K see Yonenaga Y 

Arimura Y see Pona 

Aring CD: Neurological Wandérjahr, 326 (Mr) 

Arnold DL see Matthews PM 

Arocha L see Lechin F 

Arthur SA see Rapcsak SZ 

Asinger RW, Dyken ML, Fisher M, Hart RG, Sherman D: 
Cardiogenic brain embolism: second report of Cerebral 
Embolism Task Force, 727 (Jy); correction, 1079 (Oc) 

Astedt B see Lindvall O 

Atkin E see Serdaroglu P 

Autret A see de Toffol B 

Awerbuch GI see Labadie EL 


Babb TL see Rausch R 

Backonja M, Beinlich B, Dulli D, Schutta HS: Haloperidol 
and lorazepam for treatment of nausea and vomiting asso- 
ciated with treatment of intractable migraine headaches 
(letter), 724 (Jy) 

Bahar S see Serdaroğlu P 

Bahnson HT see Hall WA 

Bailey MK see Haynes G 

Baker AC see Malow BA 

Baker HL Jr see Ingall TJ 

Baloh RW see Grad A 

Banks G, Short P, Martinez AJ, Latchaw R, Ratcliff G, 
Boller F: Alien hand syndrome: clinical and postmortem 
findings, 456 (Ap) 

Barchas JD see Stahl SM 

Barinagarrementeria F see Del Brutto O 

Barinagarrementeria F, Del Brutto OH: Lacunar syn- 
drome due to neurocysticereosis, 415 (Ap) 

Barker WW see Loewenstein DA 

Barkhaus PE, Gilchrist JM: Duchenne muscular dystrophy 
manifesting carriers, 673 (Je) 

Barnes WE see Bushnell DL 

Barohn RJ, Kissel JT, Warmolts JR, Mendell JR: Chronic 
inflammatory demyelinating polyradiculoneuropathy: 
clinical characteristics, course, and recommendations for 
diagnostic criteria, 878 (Au) 

Barr WB, Jaffe J, Wasserstein J, Michelson WJ, Stein 
BM: Regional distribution of cerebral arteriovenous malfor- 
mations: interactions with sex and handedness, 410 (Ap) 

Barth JT see Haley EC Jr 

Barton N see Fink JK 

Bartram CI see Mathers SE 

Beatty PA see Beatty WW 

Beatty WW, Goodkin DE, Monson N, Beatty PA: Cogni- 
tive disturbances in patients with relapsing remitting 
multiple sclerosis, 1113 (Oc) 


Arch Neurol— Vol 46, December 1989 


Bednarik J see Robberecht W 

Beekhuis H see Haaxma-Reiche H 

Behar R see Menken M 

Beinlich B see Backonja M 

Belsh JM, Schiffman PL: Electroencephalogram as con- 
firming test for brain death (letter) 601 (Je) 

Benassi G see Casmiro M 

Bender JL: Primary lateral sclerosis (letter) 948 (Se) 

Benson DF: Posterior cortical atrophy: new clinical entity, 
or Alzheimer’s disease? (letter) 844 (Au) 

Berciano J see de Pablos C 

Beresford R see Kovner R 

Berger JR see Katz DA 

Berger PA see Stahl SM 

Berlin L, Pincus JH: Cryptococcal meningitis: false-nega- 
tive antigen test results and cultures in nonimmunosup- 
pressed patients, 1312 (De) 

Bernard B see Fox JH 

Bernardin L see Rao SM 

Bernbaum M, Albert SG, McGarry JD: Diabetic neuropa- 
thy and braille ability, 1179 (No) 

Bertels C see Goldstein LB 

Betts HB see Heinemann AW 

Bevilacqua L see Solari A 

Bird ED see Crino PB 

Birnbaum DC, Shields WD, Lippe B, Perlman S, Phillipart 
M: Idiopathic central diabetes insipidus followed by pro- 
pore spastic cerebral ataxia: report of 4 cases, 1001 (Se) 

Bj rklund A see Lindvall O 

Blake DR see Pall HS 

Blass JP see Malow BA 

Bliklen DA see Rapcsak SZ 

Blumenfeld AM see Fisher M 

Blumer D see Walker AE 

Bobotas G see Thal LJ 

Bodensteiner JB see Romano JT 

Bodian CA see Elizan TS 

Bolgert F see Gout O 

Boller F see Banks G; Forette F 

Bonte FJ see Homan RW 

Booss J see Mayo DR 

Borel C see Diringer M 

Bérner H see Lou HC 

Bornstein NM see Norris JW 

Borucki SJ, en ap’ et BV, Ladoulis CT, McKendall RR: 
Cerebrospinal fluid immunoglobulin abnormalities in 
neurosarcoidosis, 270 (Mr) 

Bosley TM see Shakin EP 

Boswell RN see Goethe KE 

Bourgeois P see Robberecht W 

Bowler R see Wasch HH 

Brashear HR see Haley EC Jr 

Brewer GJ, Yuzbasiyan-Gurkan V: Deterioration of Wil- 
son’s disease following start of penicillamine therapy (let- 
ter) 360 (Ap) 

Brey RL see Goethe KE 

Bridgers SL, Wade PB, Ebersole JS: Estimating impor- 
tance of epileptiform abnormalities discovered on cas- 
sette electroencephalographie monitoring, 1077 (Oc) 

Brogan MA see Huber SJ 

Bromfield E see Devinsky O 

Brouwers P see Fink JK 

Brown GC see Shakin EP 

Brown JT see Heinemann AW 

Brown RG, MacCarthy B, Jahanshahi M, Marsden CD: 
Accuracy of self-reported disability in patients with Par- 
kinsonism, 955 (Se) 

Brown RP see Devanand DP 

Brown RT see Nee LE 

Brownell AKW see Curtis M 

Brownell AKW: Amyotrophic lateral sclerosis (letter) 480 
(My) 

Bruhn P see Lou HC 

Brumback RA, Lapham LW: DNA synthesis in Alzheimer 
type II astrocytosis: question of astrocytic proliferation 
and mitosis in experimentally induced hepatic encepha- 
lopathy, 845 (Au) 

Brundin P see Lindvall O 

Brunet P see Gout O 

Buettner UW, Zee DS: Vestibular testing in comatose pa- 
tients, 561 (My) 

Buisseret T see Deleu D 

Buonnano F see Weilburg JB 

Burg LS see Rao SM 

Burks JS see Filley CM 

Burns S see Allen GS 

Burnstine TH see Mendez MF 

Burrowes K see Devinsky O 

Buruma OJS see Haan J 

Bushmann MM see Richardson KT 

Bushnell DL, Gupta S, Micoch AG, Barnes WE: Predic- 
tion of language and neurelogic recovery after cerebral 
infarction with SPECT imaging using N-isopropyl-rho- 
(1123) iodoamphetamine, 665 (Je) 

Butters N see Salmon DP 

Bygdeman M see Lindvall O 


c 


‘Cabrera A see Lechin F 


Cacciatore FM see Casmiro M 

Cahalan DD see Sanfield JA 

Cahan L see Kundi M 

Cahill WT see Goethe KE 

Cail WS see Haley EC Jr 

Cairncross JG, Laperriere NJ: Low-grade glioma: to treat 
or not to treat? 1238 (No) 

Calleja J see de Pablos C 

Callewaert A see Delreux V 

Caine DB see Huang C-C 

Canal N see Rango 

Candelise L see Rango M 

Carlson GH see Holmes GB 

Carter AP see Allard JC 

Carton H see Robberecht W 

Casmiro M, Benassi G, Cacciatore FM, D’Alessandro R: 
Frequency of idiopathic normal pressure hydrocephalus 
(letter) 608 Je) 

Castaldo JE, Nichols GG, Gee W, Reed JF: Duplex ultra- 
sound and ocular pneumoplethysmography concordance 

, in detecting severe carotid stenosis, 518 (My) 

Caudie C see Gout O i 

Celesia GG see Grigg-Damberger MM 

Chad DA see Mitsumoto H 

Chakeres DW see Huber SJ 

Challa VR see Donofrio PD 

Chang J-Y see Loewenstein DA 

Chase TN see Litvan J; Mohr E 

Chatrian G-E see Wytrzes LM 

Chitayat D see Appleton RE 

Chu N-S see Huang C-C 

Chui HC: Dementia: review emphasizing clinicopathologic 
correlation and brain-behavior relationships, 806 (Jy) 

Cichowski K see Heinemann AW 

ClappLEseeHuberSJ | 

Clark EA see Ginsberg AH 

Clark JB see Galdi AP 

Claus JJ see Mohr E 

Clifford DB, Gado MH, Levy BK: Osmotic demyelination 
syndrome: lack of pathologie and radiologic imaging cor- 
relation, 343 (Mr) 

Coats M see McCulla MM 

Cohen MM Jr: Agenesis of corpus callosum and limbic mal- 
formations revisited (letter) 1270 (De) 

Cohen RA, Fisher M: Amantadine treatment of fatigue 
associated with aryo sclerosis, 676 (Je) 

Cohen WE see Fink J 

Cole G see Van Huynh T 

Combarros O see de Pablos C 

Cone JE see Wasch HH 

Cook NR, Evans DA, Funkenstein HH, Scherr PA, Ostfeld 
AM, Taylor JO, Hennekens CH: Correlates of headache 
in pa ation-based cohort of elderly, 1338 (De) 

Cook SD see Troiano R 

Corbett JJ see Durcan FJ; Jacobson DM 

Corbett JJ, Thompson HS: Rational management of idio- 
pathic intracranial hypertension, 1049 (Oc) 

Cordell AR see Donor o PD 

Coté L see Sano M 

Courchesne E see Murakami JW 

Crandall PH see Rausch R 

Crino PB, Ullman MD, Vogt BA, Bird ED, Volicer L: Brain 
gangliosides in dementia of Alzheimer type, 398 (Ap) 

Cros D see Redmond JMT 

Cummings JL: Vascular dementia and dementia of Alz- 
heimer-type cognition (letter) 1046 (Oc) 

Curless RG see Goldstein SM 

Curtis M, Gill MJ, Brownell AKW: Polymyositislike syn- 
croma in acquired immunodeficiency syndrome (letter) 

(Au) 


D 


D'Alessandro R see Casmiro M 

D'Andrea G, Welch KMA, Riddle JM, Grunfeld S, Joseph 
R: Platelet serotonic metabolism and ultratructure in 
migraine, 1187 (No) 

Danek A, Gudden W, Distel H: Dream king's psychiatrist 
Bernhard von Gudden (1824-1886): life committed to ra- 
tionality, 1349 (De) 

Dartigues JF see Forette F 

Davis JN see Goldstein LB 

Davis S see Haynes G 

ath DM, Krarup C: Perioperative nerve lesions, 1355 
(De 

De Bellis M see Hauser P 

de Gans J see Portegies P 

De Giorgio CM: Value of EEG in determining brain death 
(letter) 602 (Je) 

dé León G see de León GA 

de León GA, de León G, Grover WD, Zaeri N, Alburger 
PD: Agenesis of corpus callosum in Apert syndrome? 

, (letter) 479 Qay) i 

de Pablos C, Calleja J. Combarros O, Berciano J: Spanish 
toxic oil syndrome neuropathy in 3 patients with heredi- 
tary motor and sensory neuropathy type I, 202 (Fe) 

De-Thé G see Gout O 

de Toffol B, Autret A: Néeurocysticercosis (letter) 843 (Au) 

DeFriese GH see Hopkins A 

Deiber MP see Ibañez V 


Author Index 1367 


Del Brutto O, Barinagarrementeria F: Inflammatory arter- 
iopathies and pure motor hemiplegia (letter) 361 (Ap) 

Del Brutto OH see Barinagarrementeria F; Talamás O 

Deleu D, Buisseret T, Ebinger G: Vertical one-and-a-half 
syndrome; supranuclear downgaze paralysis with monoc- 
ular elevation palsy, 1361 (De) 

Delreux V, Kevers L, Callewaert A, Sindic C: Opsoclonus 
secondary to Epstein-Barr virus infection (letter) 480 (My) 

Demeter S, Rosene DL, Van Hoesen GW: Commissural 
connections and symmetry of degeneration in Alzheimer’s 
disease (letter) 723 (Jy) 

Derix M see Haan J 

Devanand DP, Sackeim HA, Brown RP, Mayeux R: Pilot 
study of haloperidol treatment of psychosis and behavior- 
al disturbance in Alzheimer’s disease, 854 (Au) 

Devinsky O see Hauser P 

Devinsky O, Feldmann E, Burrowes K, Bromfield E: Au- 
toscopic phenomena with seizures, 1080 (Oc) 

Devous MD Sr see Homan RW 

Dew MS see Peterson AC 

Dewey RB Jr, Jankovic J: Hemiballism-hemichorea: clini- 
cal and pharmacologic findings in 21 patients, 862 (Au) 

Dhobi GN see Tanki SA 

Digre KB see Walker FO 

Dimancescu MD, Grass RB, Webb EW: Talking to coma- 
tose patients (letter) 14 (Ja) 

Ding DY see Starr A 

Diringer M, Ladenson PW, Borel C, Hart GK, Kirsch JR, 
Hanley DF: Sodium and water regulation in patient with 
cerebral salt wasting, 928 (Au) 

Distel H see Danek A 

Dobkin BH: Focused stroke rehabilitation programs do not 
improve outcome, 701 (Je) 

Dobkin JA see Rozental JM 

Dobkin JA, Levine RL, Lagreze HL, Dulli DA, Nickles Ru, 
Rowe BR: Evidence for transhemispheric diaschisis in 
unilateral! stroke, 1333 (De) 

Doebler JA, Rhoads RE, Anthony A, Markesbery WR: 
Neuronal RNA in Pick’s and Alzheimer’s diseases: com- 
parison of disease-susceptible and disease-resistant corti- 
cal areas, 134 (Fe) 

Dolwing PC see Troiano R 

Donaldson JO: Magnesium sulfate and eclampsia (letter) 
945 (Se) 

Donofrio PD, Challa VR, Hackshaw BT, Mills SA, Cordell 
AR: Cardiac transplantation in patient with muscular 
dystrophy and cardiomyopathy, 705 (Je) 

Drazner M see Morris JC 

Duara R see Loewenstein DA 

Duca PG see Solari A 

Duchek J see McCulla MM 

Dueñas G see Alarcon F 

Duffy FH: Clinical value of topographic mapping and quanti- 
fied neurophysiology, 1133 (Oc) 

Dulli D see Backonja M 

Dulli DA see Dobkin JA 

Dumas R see Giroud M 

Dummer JS see Hall WA 

Duray P see Pachner AR 

Durcan FJ, Corbett JJ, Wall M: Incidence of pseudotumor 
cerebri: population studies in Iowa and Louisiana, 45:875 
(Au); correction, 46:172 (Fe) 

Dirsteler MR see Müller FAJ 

Dyken ML see Asinger RW 


Ebers GC see Weinshenker BG 

Ebersole JS see Bridgers SL 

Ebinger G see Deleu 

Ecker A: Pathogenesis of reflex sympathetic dystrophy 
(letter) 482 (My) 

Edwards MK see Markand ON 

Ehrenberg BL see Young WB 

Einhaup! KM see Pfister H-W 

Elizan TS, Yahr MD, Moros DA, Mendoza MR, Pang S, 
Bodian CA: Selegiline use to prevent progression of Par- 
eee disease: experience in 22 de novo patients, 1275 
(De) 

Elizan TS, Yahr MD, Moros DA, Mendoza MR, di v S, 
Bodian CA: Selegline as adjunct to conventional levodopa 
therapy in Parkinson’ disease: experience with this type 
B monoamine oxidase inhibitor in 200 patients, 1280 (De) 

Eller PM see Jafek BW 

Ellington L see Rao SM 

Ellis SJ: Clear thinking, electroencephalography, and brain 
death (letter) 601 (Je) 

Ellison GW see Nuwer MR 

Engel HM see Guy J 

Engel J Jr see Rausch R 

Epstein LG see Portegies P 

Ernerudh J see Fredrikson S 

Escalante L see Alarcón F 

Esses BA see Jafek BW 

Estrin WJ see WaschHH | 

Ettlin TM, Staehelin HB, Kischka U, Ulrich J, Scollo- 
Lavizzari G, Wiggli U, Seiler WO: Computed tomogra- 
phy, electroencephalography, and clinical features in dif- 
ferential diagnosis of senile dementia: prospective 
clinicopathologic study, 1217 (No) 

Evans DA see Cook N 

Ewert J, Levin HS, Watson MG, Kalisky Z: Procedural 
memory during posttraumatic amnesia in survivors of 
nro closed head injury: implications for rehabilitation, 
911 (Au) 


F 
Fabbrini G see Mohr E 
Farfel Z see Pauzner R : 
Farlow MR see Markand ON 


Farmer TW, beh gb MS, Lynch SA, Vogel FS, Hulette 
C, Katchinoff B, Jacobson PL: Ataxia, chorea, seizures, 


1368 Arch Neurol—Vol 46, December 1989 


and dementia: pathologic features of newly defined famil- 
ial disorder, 774 (Jy) 

Faull KF see Stahl SM 

Fazio F see Rango M 

Fedio P see Mohr E 

Feher EP, Mahurin RK, Inbody SB, Pirozzolo FJ: Posteri- 
or cortical atrophy: new clinical entity, or Alzheimer’s 
disease? (letter) 843 (Au) 

Feit H: Muscular dystrophy in chicken (letter) 484 (My) 

Feldman RG see Hopkins A 

Feldmann E see Devinsky O 

Fenichel GM, Phillips JA: Familial aplasia of cerebellar 
vermis: possible x-linked dominant inheritance, 582 (My) 

Fierz W see Müller FAJ 

Filippini G see Solari A 

Filley CM see Franklin GM 

Filley CM, Heaton RK, Nelson LM, Burks JS, Franklin 
GM: Comparison of dementia in Alzheimer’s disease and 

multiple sclerosis, 157 (Fe) 

Fink JK. Brouwers P, Barton N, Malekzadeh MH, Sato S, 
Hill S, Cohen WE, Fivush B, Gahl WA: Neurologic com- 
plications in long- standing nephropathie cystinosis, 543 
(My) 

Fischer C see Ibanez V 

Fischer RS see Alexander MP 

Fisher CM: 

‘Catatonia’ due to disulfiram toxicity, 798 (Jy) 

Lacunar infarct of parm of lower lateral pons, 566 (My) 

Fisher CM: Herald hemiparesis (letter) 1164 (No) 

Fisher M see Asinger RW: Cohen RA 

Fisher M, Blumenfeld AM, Smith TW: Carotid plaque dis- 
ruption (letter) (letter) 605 (Je) 

Fivush B see Fink JK 

Fleet WS see Rapcsak SZ 

Flier JS see Minaker KL 

Fogan L: Neurology in Shakespeare, 922 (Au) 

Fogelson MH see Ford L 

Ford LM, Sanberg PR, Norman AB, Fogelson MH: MK- 
801 prevents hippocampal neurodegeneration in neonatal 
hypoxic-ischemic rats, 1090 (Oc) 

Forette F, Henry JF, Orgogozo JM, Dartigues JF, Péré JJ, 
erg. L, Israel L, Loria Y, Goulley F, Lallemand A, 
Boller F: Reliability of clinical criteria for diagnosis of 
dementia: longitudinal multicenter study, 646 (Je) 

Forrester JM see Sanfield JA 

Forsberg P see Fredrikson S 

Foster NL see Grady CL 

Fox JH, Bernard B, Gilley D, Stebbins GT, Wilson RS, 
Huckman MS: Multiple sclerosis: unexpected cause of 
senile dementia (letter) 1269 (De) 

Fox JL: Warning headache in aneurysmal subarachnoid 
hemorrhage (letter) 839 (Au) 

Frackowiak R see Lindvall O 

Franceschi M see Rango M 

Frankel JP see Mathers SE 

Franklin GM see Filley CM 

Franklin GM, Nelson LM, Filley CM, Heaton RK: Cognitive 
loss in multiple sclerosis: case reports and review of litera- 
ture, 162 (Fe) 

Franklin PD see Allard JC 

or eee S, Link H: Primary lateral sclerosis (letter) 1168 
(No) i 

Fredrikson S, Ernerudh J, Olsson T, Forsberg P, Link H: 
Mononuclear cell types in cerebrospinal fluid and blood of 
patients with multiple sclerosis: quantitation by immuno- 
enzyme microassay with panel of monoclonal antibodies, 
372 (Ap) 

Freedman R see Lindvall O 

Freidenberg DL see Huber SJ 

Friberg L see Andersen AR 

Friedman DI, Feldon SE: Eye movements in acquired im- 
munodeficiency syndrome (letter) 841 (Au) 

Fukui M see Tashima-KuritaS 

Fulling K see Morris JC 

Funkenstein HH see Cook NR 

Furukawa T see Yokota T 


G 


Gado MH see Clifford DB 

Gaffney JF, Kingston WJ, Metlay LA, Gramiak R: Left 
ventricular thrombus and systemic emboli complicating car- 
diomyopathy of Duchenne’s muscular dystrophy, 1249 (No) 

Gagliardi L see Solari A 

Gahl WA see Fink JK 

Galdi AP, Clark JB: Unusual case of carnitine palmitoyl 
transferase deficiency, 819 (Jy) 

Gale MJ Jr see Ginsberg AH 

Galetta SL, Smith JL: Chronic isolated 6th nerve palsies, 79 
(Ja) 

Garcia-Ramos G see Talamas O 

Gates J see Risse GL 

Gee W see Castaldo JE; Shakin EP 

Gessain A see Gout O 

Giesser BS: Primary lateral sclerosis (letter) 1166 (No) 

Gilchrist JM see Barkhaus PE 

Gill MJ see Curtis M 

send jee see Fox JH 

Ginsberg AH, Gale MJ Jr, Rose LM, Clark EA: T-cell 
alterations in late postpoliomyelitis, 497 (My) 

Ginsburg K see Heinemann AW 

Giroud M, Dumas R: Pharmacokinetics of valproate in 
adults after single loading dose (letter) 13 (Ja) 

Giuliani G see Solari A 

Gleason DF see Klutzow FW 

Gledhill RF, Thompson PD: Central pontine myelinolysis 
and rate of correction of hyponatremia (letter) 359 (Ap) 

GlobokarAseeRichardsonKT — 

Goethe KE, Mitchell JE, Marshall DW, Brey RL, Cahill 
WT, Leger GD, Hoy LJ, Boswell RN: Neuropsychological 
and neurological function of human immunodeficiency vi- 
rus seropositive asymptomatic individuals, 129 (Fe) 

Goldblatt D: Toscanini’s Fumble and Other Tales of Clinical 
Neurology (Book Review) 476 (My) 


pat J see Morris JC 

Goldstein LB, Bertels C, Davis JN: Interrater reliability of 
NIH stroke scale, 660 (Je) 

Goldstein SM, Curless RG, Post JD, Quencer RM: New 
sign of neurofibromatosis on magnetie resonance imaging 
of children, 1222 (No) 

Gomez C see Litvan| 

Gomez CR: Hereditary cerebral arteriovenous malforma- 
tions (letter) 1168 (No) 

Gomez E see Albanese E 

Gomez F see Lechin F 

Goodkin DE see Beatty WW 

Goodkin DE, Hertsgaard D: Seasonal variation of multiple 
sclerosis exacerbations in North Dakota, 1015 (Se) 

Goodkin DE, Hertsgaard D, Rudick RA: Exacerbation 
rates and adherence to disease type in prospectively fol- 
lowed-up populace with multiple sclerosis: implications 
for clinical trials, 1107 (Oc) 

Gorelick PB see Hier DB 

Goudsmit J see Portegies P 

Goulley F see Forette 

Gout O, Gessain A, Bolgert F, Saal F, Tournier-Lasserve 
E, Lasneret J, Caudie C, Brunet P, De-Thé G, Lhermitte 
F, Lyon-Caen O: Chronic myelopathies associated with 
human T-lymphotropic virus type I: clinical, serologic, and 
immunovirologic study of 10 patients in France, 255 (Mr) 

Grad A, Baloh RW: Vertigo of vascular origin: clinical and 
merge fy oy features in 84 cases, 281 (Mr) 

Grady CL, Grimes AM, Patronas N, Sunderland T, Foster 
NL, Rapoport SI: Divided attention, as measured by 
dichotic speech performance, in dementia of Alzheimer 
type, 317 (Mr) 

Graff-Radford N, Kritchevsky M: Medial thalamus and 
memory (letter) 483 (My) 

Graff-Radford NR, Torner J, Adams HP Jr, Kassell NF: 
Factors associated with hydrocephalus after subarach- 
noid hemorrhage: report of Cooperative Aneurysm 
Study, 744 (Jy) 

Grafman J see Litvan | 

Graham JR see Spierings ELH 

Gramiak R see Gaffney JF 

Grant E see McCulla MM 

Grant EA see Morris JC; Rubin EH 

Grass RB see Dimancescu MD 

Graves NM see Holmes GB 

Green GGR see Stefanatos GA 

Griffith BP see Hall WA 

Grigg-Damberger MM, Celesia GG, Kelly MA: Semantic 
confusion surrounding brain death’ (letter) 604 (Je) 

Grigsby J, Hagerman R: Fragile X syndrome: genetic etiol- 
ogy for developmental Gerstmann’s syndrome (letter) 
1269 (De) 

Grimes AM see Grady CL 

Grober E see Masdeu JC 

Grover WD see de León GA 

Growdon JH see Johnson KA 

Grunfeld S see D'Andrea G 

Gudden W see Danek A 

Gupta S see Bushnell DL 

Gustavii B see Lindvall O 

Gutmann L see Romano JT 

Gutrecht JA: Lhermitte’s sign: from observation to ep- 
onym, 557 (My) 

Guy J, Engel HM, Lessner AM: Acquired contralateral 
oculomotor synkinesis, 1021 (Se) 


H 


Haan J, Weinstein HC, van Kroonenburgh MJPG, van 
Royen EA, Lanser JBK, Derix M, Buruma OJS, Hijdra 
A: Single photon emission computed tomography in Alz- 
heimer’s disease (letter) 1165 (No) 

Haaxma-Reiche H, Piers DA, Beekhuis H: Normal cere- 
brospinal f}yid dynamics: study with intraventricular in- 
jection of — in-DTPA in leukemia and lymphoma with 
meningeal involvement, 997 (Se) 

Hachinski V: 

Brain mapping, 1136 (Oc) 

Magnesium sulfate and preeclampsia or eclampsia (letter) 
1165 (No) 

Magnesium sulfate in treatment of eclampsia (letter) 948 (Se) 

Stroke rehabilitation, 703 (Je) 

Treatment of low-grade glioma, 1239 (No) 

Hachinski VC see Janota | 

Hackshaw BT see Donofrio PD 

Hagerman R see Grigsby J 

Hainline B see Kovner R 

Haley EC Jr, Brashear HR, Barth JT, Cail WS, Kassell NF: 
Deep cerebral venous thrombosis: clinical, neuroradiolo- 
See and neuro aera correlates, 337 (Mr) 

Haley EC see Klein 

Hall JG see Appleton RE 

Hall WA, Martinez AJ, Dummer JS, Griffith BP, Hardesty 
RL, Bahnson HT, Lunsford LD: Central nervous system 
infections in heart and heart-lung transplant recipients, 
173 (Fe) 

Hallinan JM see Hawke SHB 

pertan! h GM see Hawke SHB 

Halter JB see Sanfield JA 

Hamilton B see Heinemann AW 

Hamilton RH see Labadie EL 

Hanin | see Moossy J; Zubenko GS 

Hanley DF see Diringer M 

Hanny PE see Miiller FAJ 

Hanson MR see Mitsumoto H 

Hanson WR see Metter EJ 

Hardesty RL see Hall WA 

Harik SI, Mitchell MJ, Kalaria RN: Ouabain binding in 
human brain: effects of Alzheimer’s disease and aging, 951 


e 
Harris JO, Marquez J, Swerdloff MA, Magana IA: Listeria 
brain abscess inacquiredimmunodeficieny syndrome (let- 
ter) 250 (Mr) 
Hart GK see Diringer M 


Author Index 


H 


Hart RG see Asinger RW 

Hartman J see Landau WM 

Hasselink JR see Jernigan TL 

Hasuo K see Tashima-Kurita S 

Haughton V see Rao SM 

Hauser P, Devinsky O, De Bellis M, Theodore WH, Post 
RM: Benzodiazepine withdrawal delirium with catatonic 
features: occurrence in patients with partial seizure disor- 
ders, 696 (Je) 

Hauser WA see Keilson MJ 

Hawke SHB, Mullie MA, Hoyt WF, Hallinan JM, Halmagyi 
GM: Painful oculomotor nerve palsy due to dural-cavern- 
ous sinus shunt, 1252 (No) 

Haynes G, Bailey MK, Davis S, Mahaffey JE: Use of meth- 
ylprednisolone in epidural analgesia (letter) 1167 (No) 

Heaton RK see Filley CM; Franklin GM 

Hedges TR lil see Young WB 

Heilman KM see Rapcsak SZ 

Heindel WC see Salmon DP 

Heinemann AW, Roth E, Cichowski K, Betts HB: Validity 
of outcome following stroke rehabilitation (letter) 1271 


(De 

Heinemann AW, Yarkony GM, Roth EJ, Lovell L, Hamil- 
ton B, Ginsburg K, Brown JT, Meyer PR Jr: Functional 
outcome following spinal cord injury: comparison of spe- 
cialized spinal cor re center vs general hospital 
short-term care, 1098 (Oc) 

Heiss W-D see Huber M 

Henderson VW, Mack W, Williams BW: Spatial disorienta- 
tion in Alzheimer’s disease, 391 (Ap) 

Hennekens CH see Cook NR 

Hennerici M, Steinke W, Rautenberg W: High-resistance 
Doppler flow pattern in extracranial carotid dissection, 
670 (Je) 

Henrikson L see Lou HC 

Henry JF see Forette F 

Herholz K see Huber M 

pat oa, P: Migraine and mitral valve prolapse (letter) 1165 
(No) 

Heros DO see Young WB 

Hertsgaard D see Goodkin DE 

Hesselink JR see Murakami JW 

Hier DB, Warach JD, Gorelick PB, Thomas J: Predictors 
of survival in clinically diagnosed Alzheimer's disease and 
multi-infarct dementia, 1213 (No) 

Hijdra A see Haan J 

Hill RD see Storandt M 

Hill S see Fink JK 

Hiltbrunner B see Alexander MP 

Hiwatari R-i see Kuriyama M 

Hochberg FH see Allard JC 

Hodge CJ: Microneurosurgery (Book Review) 124 (Fe) 

Hoffer BJ see Lindvall O 

Hogan GR see Husain F 

Holman BL see Johnson KA 

Holmes GB, Rosenfeld WE, Graves NM, Remmel RP, 
Carlson GH, Kriel RD: Absorption of valproic acid sup- 
positories in human volunteers, 906 (Au) 

Homan RW, Paulman RG, Devous MD Sr, Walker P, Jen- 
nings LW, Bonte FJ: Cognitive function and regional 
cerebral blood flow in partial seizures, 964 (Se) 

Homer D see Ingall TJ 

Hopkins A see Menken M 

Hopkins A, Menken M, DeFriese GH, Feldman RG: Differ- 
ences in strategies for diagnosis and treatment of neuro- 
logic disease among British and American neurologists, 
1142 (Oc) 

Hornsby PJ: Parkinson’s disease, vitamin E, and mitochon- 
drial energy metabolism (letter) 840 (Au) 

Houser OW see Mik al T 

Hoy LJ see Goethe K 

Hoyt WF see Hawke SHB 

Huang C-C, Chu N-S, Lu C-S, Wang J-D, Tsai J-L, Tzeng 
J-L, Wolters EC, Calne DB: Chronic manganese intoxica- 
tion, 1104 (Oc) 

Huang K-P see Van Huynh T 

Huber M, Herholz K, Pawlik G, Szelies B, Jürgens R, 
Heiss W-D: Cerebral glucose metabolism in course of 
subacute sclerosing panencephalitis, 97 (Ja) 

Huber SJ, Kissel JT Shuttleworth EC, Chakeres DW, 
Clapp LE, Brogan MA: Magnetic resonance imaging and 
clinical correlates of intellectual impairment in myotonic 
dystrophy, 536 (My) 

Huber SJ, Shuttleworth EC, Freidenberg DL: Neuropsy- 
chological differences between dementias of Alzheimer’s 
and Parkinson's disease, 1287 (De) 

Huckman MS see Fox JH 

Hughes RL see Rosenberg NL 

Hugonot L see Forette F 

Hulette C see Farmer TW 

Hung STA see Portegies P 

Husain F, Ryan NJ, Hogan GR: Concurrence of limb girdle 
muscular dystrophy and myasthenia gravis, 101 (Ja) 

Husain F, Ryan NJ, Hogan GR: Life before MEDLINE: 
myasthenia gravis, muscular dystrophy, and myasthenic 
myopathy (letter) 1048 (Oc) 

Hyman BT, Tranel D: Hemianesthesia and aphasia: anatom- 
ical and behavioral study, 816 (Jy) 


Ibanez V, Deiber MP, Fischer C: Middle latency auditory 
evoked potentials in cortical lesions: criteria of interhemi- 
spheric Say, 1325 (De) 

igata A see Kuriyama M 

Inbody SB see Feher EP 

Ingall TJ, Homer D, Whisnant JP, Baker HL Jr, O'Fallon 

M: Predictive value of carotid bruit for carotid athero- 
sclerosis, 418 (Ap) 

Isojärvi JIT, Pakarinen AJ, Myllylä VV: Thyroid function in 
epileptic patients treated with carbamazepine, 1175 (No) 

Israel L see Forette F 

lwamasa T see Kuriyama M 

Iwasaki Y see Tsukamoto T 


Arch Neurol—Vol 46, December 1989 


J 


Jackman KV: Neuromuscular Problems in Orthopaedics 
(Book Review) 594 (Je) 

Jackson C see Metter EJ 

Jacobson DM, Corbett JJ: Downbeat nystagmus associat- 
ed with dolichoectasia of vertebrobasilar artery, 1005 (Se) 

Jacobson PL see Farmer TW 

Jafek BW, Eller PM, Esses BA, Moran DT: Post-traumatic 
anosmia: ultrastructural correlates, 300 (Mr) 

Jaffe J see Barr WB 

Jahanshahi M see Brown RG 

Jan JE see Appleton RE 

Jankovic J see Dewey RB Jr 

Janota |, Mirsen TR, Hachinski VC, Lee DH, Merskey H: 
Neuropathologic correlates of leuko-araiosis, 1124 (Oc) 

Jenike M see Weilburg JB 

Jennings LW see Homan RW 

Jeret JS, Serur D, Wisniewski K: Agenesis of corpus callo- 
sum and limbic malformation in Apert’s syndrome (letter) 
10 (Ja) 

Jiménez V see Lechin F 

Jin H see Salmon DP 

Johnels B see Lindvall O 

Johnson KA, Holman BL, Rosen TJ, Nagel JS, Growdon 
JH: Single photon emission computed tomography in Alz- 
heimer’s disease (letter) 1166 (No) 

Johnson LN: Neurocysticercosis (letter) 842 (Au) 

Joseph R see D'Andrea G 

Joynt RJ: Plagiarism: Babinski, art, and originality (edito- 
rial note) 1046 (Oc) 

Jürgens R see Huber M 


Kalaria RN see Harik SI 

Kalisky Z see Ewert J 

Kaplan MH see Kovner R 

Karonen S-L see Roine RO 

Karpati G see Yamut BI 

Kassell NF see Graff-Radford NR; Haley CE Jr 

Kassirer MR, Such RVP: Persistent high-altitude headache 
and aguesia without anosmia, 340 (Mr) 

Kaste M see Roine RO 

Katchinoff B see Farmer TW 

Kato M see Tashima-Kurita S 

Katz DA, Berger JR: Neurosyphilis in acquired immunode- 
ficiency syndrome, 895 (Au) 

Katzman R see Salmon DP; Van Huynh T 

Kawabara Y see Tashima-Kurita S 

Keane JR: 

Neurologic eye signs following motorcycle accidents, 761 
(Jy) 

Strabismus surgery for neurological illness: Stevens com- 
mission 1887-1889, 323 (Mr) 

Keefe KA, Salamone JD, Zigmond MJ, Stricker EM: Para- 
doxical kinesia in Parkinsonism is not caused by dopamine 
release: studies in animal model, 1070 (Oc) 

Keilson MJ, Hauser WA, Magrill JP: Electrocardiographic 
changes during electrographic seizures, 1169 (No) 

Kelly MA see Grigg-Damberger MM 

Kempler D see Metter EJ 

Kempster PA see Mathers SE 

Kennedy R see Appleton RE 

Kennedy WR, Navarro X: Sympathetic sudomotor function 
in diabetic neuropathy, 1182 (No) 

Kentros M see Rapcsak SZ 

Kevers L see Delreux V 

Kieval RI, Sotrel A, Weinblatt ME: Chronic myopathy with 
partial deficiency of carnitine palmityltransferase en- 
zyme, 575 (My) 

Kingston W: Management of Motor Neuron Disease (Book 
Review) 124 (Fe) 

Kingston WJ see Gaffney JF; Minaker KL 

Kinoshita | see Nakamura T 

Kirsch JR see Diringer M 

Kischka U see Ettlin TM 

Kissel JT see Barohn RJ; Huber SJ 

Kitamura J, Kubuki Y, Tsuruta K, Kurihara T, Matsukura 
S: New family with Joseph disease in Japan: homovanillic 
acid, magnetic resonance, and sleep apnea studis, 425 (Ap) 

Klass DW see Yanagihara T 

Klein P: Cerebellar ataxia (letter) 1166 (No) 

Klein P, Haley EC, Wooten GF, VandenBerg SR: Focal 
cerebral infarctions associated with perivascular tumor 
infiltrates in carcinomatous leptomeningeal metastases, 
1149 (Oc) 

Klonoff DC, Andrews BT, Obana WG: Stroke associated 
with cocaine use, 989 (Se) 

Klutzow FW, Gleason DF, Lancaster HK, Murray KB: 
Incontinence associated with bilateral lesions of putamen, 
168 (Fe) 

Knopman DS, Ryberg S: Verbal memory test with high 
ene accuracy for dementia of Alzheimer type, 141 
(Fe) 

Kohriyama T see Kuriyama M 

Kopp U see Moossy J; Zubenko GS 

Koprowski CD, Longstreth WT Jr, Cebul RD: Clinical 
neuroepidemiology: III. decisions, 223 (Fe) 

Kothari P see Loewenstein DA 

Kovner R, Perecman E, Lazar W, Hainline B, Kaplan MH, 
Lesser M, Beresford R: Relation of personality and at- 
tentional factors to cognitive deficits in human immunode- 
amy virus-infected subjects, 274 (Mr) 

Krajewski A see Norris JW 

Krarup C see Dawson DM 

Kriel RD see Holmes GB 

Kritchevsky M see Graff-Radford N 

Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD: 
Fatigue severity scale: application to patients with multi- 
ple sclerosis and systemic lupus erythematosus, 1121 (Oc) 

Kubuki Y see Kitamura J 

Kulkarni R see Noll RB 

Kundi M, Cahan L, Starr A: Somatosensory evoked poten- 


: 


tials in cerebral palsy after partial dorsal root rhizotomy, 
524 (My) 

Kurihara T see Kitamura J 

Kuriyama M, Kohriyama T, lwamasa T, Hiwatari R-i, 
Osame M, igata A: Lymphocyte alpha-glucosidase in 
late-onset glycogenosis type II, 460 (Ap) 

Kwo-on-Yuen PF see Salmon DP 


L 


Labadie EL, Awerbuch GI, Hamilton RH, Rapcsak SZ: 
Falling and postural defieits due to acute unilateral basal 
ganglia lesions, 492 (My) 

Ladenson PW see Diringer M 

Ladoulis CT see Borucki SJ 

Lagreze HL see Dobkin JA 

Lai F, Williams RS: Prospective study of Alzheimer disease 
in Down syndrome, 849 (Au) 

Lallemand A see Forette F 

Lancaster HK see Klutzow FW 

Landau WM: Training of neurologist for 21st century 21 (Ja) 

Landau WM, Hartman J: Aphasia therapy: more than just 
hand-holding (letter) 249 (Mr) 

Landsberg L see Minaker KL 

Lang CJG: EEG activity after brain death? (letter) 602 (Je) 

Lange DJ, Smith T, Lovelace RE: Postpolio muscular atro- 
phy: ony pe utility of macroelectromyography, 502 (My) 

Langevin P see Marchal G 

Lanser JBK see Haan J 

Lanska DJ see Mendez MF 

Lanska DJ, Lanska MJ: Treatable causes of meningomye- 
loradiculitis in individuals infected with human immuno- 
deficiency virus (letter) 722 (Jy) 

Lanska MJ see Lanska DJ 

Lantos G see Masdeu JC 

Laperriere NJ see Cairncross JG 

Lapham LW see Brumback RA 

LaRocca NG see Krupp LB 

Lasker B see Thal LJ 

Lasneret J see Gout O 

Latchaw R see Banks G 

Lavoie PE: Lyme Borreliosis: discovery of causative agent 
(letter) 125 (Fe) 

Law PJ see Mathers SE 

Lazar W see Kovner R 

Lechin AE see Lechin F 

Lechin F, van der Dijs B, Lechin ME, Amat J, Lechin AE, 
Cabrera A, Gomez F, Acosta E, Arocha L, Villa S, 
Jiménez V: Pimozide therapy for trigeminal neuralgia, 
960 (Se) 

Lechin ME see Lechin F 

Lee DH see Janota | 

Lee GJ see Rao SM 

Lee GP see Loring DW 

Lee KS, Spetzier RF: Cerebral cavernous malformations 
(letter) 1273 (De) 

Leenders KL see Lindvall O 

Lees AJ see Mathers SE 

Leger GD see Goethe KE 

Leo GJ see Rao SM 

Lessell S see Newman NJ 

Lesser M see Kovner R 

Lessner AM see Guy J 

Levin B see Loewenstein DA 

Levin HS see Ewert J 

Levine RL see Dobkin JA; Rozental JM 

Levy BK see Clifford DB 

Lewis AJ see Norris JW 

Leys D, Petit H: Migraineur, or migraineuse? (letter) 946 (Se) 

Lhermitte F see Gout O 

Linares OA see Sanfield JA 

Lindheimer MD: Magnesium sulfate and preeclampsia or 
eclampsia (letter) 1164 (Na) 

Lindholm T see Lindvall O 

Lindvall O, Rehncrona S, Brundin P, Gustavii B, Astedt 
B, Widner H, Lindholm T, Björklund A, Leenders KL, 
Rothwell JC, Frackowiak R, Marsden CD, Johnels B, 
Steg G, Freedman R, Hoffer BJ, Seiger A, Bygdeman 
M, Strömberg I, Olson L: Human fetal dopamine neurons 
grafted into striatum in 2 patients with severe Parkin- 
sons disease: detailed account of methodology and 6- 
month follow-up, 615 (Je) 

Link H see Fredrikson S 

Lippe B see Birnbaum DC 

Lipton SA: Growth factors for neuronal survival and pro- 
cess regeneration: implications in mammalian central ner- 
vous system, 1241 (No) 

Litvan I, Grafman J, Gomez C, Chase TN: Memory impair- 
EE in patients with progressive supranuclear palsy, 765 
(Jy) 

Loeb C: Vascular dementia and dementia of Alzheimer- 
type cognition (letter) 839 (Au) 

Loewenstein DA, Barker WW, Chang J-Y, Apicella A, 
Yoshii F, Kothari P, Levin B, Duara R: Predominant left 
hemisphere metabolic dysfunction in dementia, 146 (Fe) 

Longstreth WT Jr see Koprowski CD 

Loria Y see Forette F 

Loring DW, Lee GP, Meador KJ: Intracarotid amobarbital 
sodium procedure: false-positive errors during recogni- 
tion memory assessment, 285 (Mr) 

Lou HC, Henriksen L, Bruhn P, Bérner H, Nielsen JB: 
Striatal dysfunction in attention deficit and hyperkinetic 
disorder, 48 (Ja) 

Lovelace RE see Lange DJ 

Lovell L see Heinemann AW 

Lu C-S see Huang C-C 

Lund G see Risse GL 

Lunsford LD see Hall WA 

Lynch SA see Farmer TW 

Lyon-Caen O see Gout O 


Ma L see Starr A 


Author Index 1369 


MacCarthy B see Brown RG 

Mack W see Henderson VW 

Magana IA see Harris JO 

Magrill JP see Keilson MJ 

Mahaffey JE see Haynes G 

Mahurin RK see Feher EP 

Malekzadeh MH see Fink JK 

Malow BA, Baker AC, Blass JP: Cultured cells as screen 
for novel treatments of Alzheimer’s disease, 1201 (No) 

Mann UM see Mohr E 

Manon-Espaillat R see Mendez MF 

Marchal G, Andermann F, Tampieri D, Robitaille Y, Me- 
lanson D, Sinclair B, Olivier A, Silver K, Langevin P: 
Generalized cortical dysplasia manifested by diffusely 
thick cerebral cortex, 430 (Ap) 

Marcus DA, Soso MJ: Migraine and stripe-induced visual 
discomfort, 1129 (Oc) 

rina JC: Spinal accessory nervein childhood hemiplegia, 

(Ja) 

ys VW: On cerebral metabolism and aphasia (letter) 1271 
(De) 

Markand ON, Farlow MR, Stevens JC, Edwards MK: 
Brain-stem auditory evoked potential abnormalities with 
unilateral brain- stem lesions demonstrated by magnetic 
resonance imaging, 295 (Mr) A 

Markesbery WR see Doebler JA 

Marquez J see Harris JO 

Marsden CD see Brown RG; Lindvall O 

Marshall DW see Goethe KE - 

Martin JB see Redmond JMT 

Martinez AJ see Hall WA; Moossy J; Zubenko GS 

Martínez AJ see Banks G 

Masdeu JC, Wolfson L, Lantos G, Tobin JN, Grober E, 
Whipple R, Amerman P: Brain white-matter changes in 
elderly prong to falling, 1292 (De) 

Massey EW, Sanders L: Babinski’s sign in Medieval, Re- 
naissance, and Baroque art, 85 (Ja) 

Mathers SE, Kempster PA, Law PJ, Frankel JP, Bartram 

- Cl, Lees AJ, Stern GM, Swash M: Anal sphincter dys- 
function in Parkinson's disease, 1061 (Oc) 

Matsukura S see Kitamura J 

Matsuo H see Nakamura T 

Matsushima T see Tashima-Kurita S 

Matthews PM, Shoubridge E, Arnold DL: Brain phospho- 
rus magnetic resonance spectroscopy in acute bacterial 
meningitis, 994 (Se) 

Maxwell R see Risse GL 

Mayeux R see Devanand DP 

Mayeux R see Sano M 

Mayo DR, Booss J: Varicella zoster-associated neurologic 
disease without skin lesions, 313 (Mr) 

Mazziotta JC see Metter EJ 

McCulla MM, Coats M, Van Fleet N, Duchek J, Grant E, 
Morris JC: Reliability of clinical nurse specialists in stag- 
ing of dementia, 1210 (No) 

McDonald J: Cerebrospinal Fluid and Brain Edemas (Book 
Review) 942 (Se) 

get JV: Subarachnoid Haemorrhage (Book Review) 
124 (Fe) 

McDowell FH see Reding MJ 

McGarry JD see Bernbaum M 

McKendall RR see Borucki SJ 

McKhann GM: Trials of clinical trials, 611 (Je) 

McLean WT see Walker FO 

Meador KJ see Loring DW 

Medalia A, Merriam A, Sandberg M: Neuropsychological 
deficits in choreoacanthocytosis, 573 (My) 

Melanson D see Marchal G 

Mendell JR see Barohn RJ 

Mendez MF, Lanska DJ, Manon-Espaillat R, Burnstine 
TH: Causative factors for suicide attempts by overdose in 
epileptics, 1065 (Oc) 

Mendoza MR see Elizan TS 

Meneilly GS see Minaker KL 

Meriken M see Hopkins A 

Menken M: 

Consensus and controversy in neurologic practice: case of 
steroid treatment in multiple sclerosis, 322 (Mr) 

1985 National Ambulatory Medical Care Survey of neurolo- 

_ gists: clinician's perspective, 1346 (De) 

Menken M, Behar R: Epilepsy (Book Review) 476 (My) 
Headache: Problems in Diagnosis and Management (Book 
Review) 476 (My) 

Menken M, Hopkins A, Murray TJ, Vates TS Jr: Scope of 

‘neurologic practice and care in England, Canada, and 
United States: is there a better way? 210 (Fe) 

Merlo A see Albanese E 

Merriam A see Medalia A 

Merskey H see Janota | 

Mervaala E see Nousiainen U 

Messa C see RangoM ` 

Messina C see Solari A 

Mesulam M-M see Weilburg JB 

Metlay LA see Gaffney JF 

Metter EJ, Hanson WR, Kempler D: On cerebral metabo- 
lism and aphasia (letter) 1272 (De) 

Metter EJ, Kempler D, Jackson C, Hanson WR, Mazziotta 
JC, Phelps ME: Cerebral glucose metabolism in Wer- 
nicke’s, Broca’s, and conduction aphasia, 27 (Ja) 

Meyer PR Jr see Heinemann AW 

Michelson WJ see Barr WB 

Miller SC, Warnick JE: Protirelin (thyrotropin-releasing 
hormone) in amyotrophic lateral sclerosis: role of andro- 

ns, 330 (Mr) 

Mills SA see Donofrio PD 

Mimaki T see Tanaka J 

Minaker KL, Flier JS, Landsberg L, bors ge Moxley RT, 
Kingston WJ, Meneilly GS, Rowe JW: Phenytoin-in- 
duced improvenient in muscle cramping and insulin action 
in 3 patients with syndrome of insulin resistance, acantho- 
sis nigricans, and acral hypertrophy, 981 (Se) 

Mirsen TR see Janota | 

Mitchell JE see Goethe KE 

Mitchell MJ see Harik SI 


1370 ArchNeurol—Vol 46, December 1989 


Mitsumoto H, Hanson MR, Chad DA: Neurons in Onuf’s 
nucleus (letter) 607 (Je) 

Mittenberg W see Rao SM 

Micoch AG see Bushnell DL 

Mohr E, Schlegel J, Fabbrini G, Williams J, Mouradian 
MM, Mann UM, Claus JJ, Fedio P, Chase TN: Clonidine 
treatment of Alzheimer’s disease, 376 (Ap) 

Monson N see Beatty WW 

Montalvo M see Alarcón F 

Moossy J see Zubenko GS 

Moossy J: Tangles of ependyma-choroid plexus contain 
beta-amyloid protein epitopes and represent new form of 
amyloid fiber (letter) 1165 (No) 

Moossy J, Zubenko GS, Martinez AJ, Rao GR, Kopp U, 
Hanin |: Lateralization of brain morphologic and choliner- 
gic abnormalities in Alzheimer’s disease, 639 (Je) 

Moran DT see Jafek BW 

Morgan-Fisher A see Ross ED 

Mori E, Yamadori A: Medial thalamus and memory (letter) 
482 (My) 

Morimatsu Y see Yokochi K 

Morioka T see Tashima-Kurita S 

Moros DA see Elizan TS 

Morris JC see McCulla MM; Rubin EH 

Morris JC, Drazner M, Fulling K, Grant EA, Goldring J: 
Clinical and pathological aspects of Parkinsonism in Alz- 
heimer’s disease: role for extranigral factors? 651 (Je) 

Mouallem M see Pauzner R 

Mouradian MM see Mohr E 

Moxley RT see Minaker KL; Ricker K 

Muir-Nash J see oh LB 

Müller FAJ, Hanny PE, Wichmann W, Fierz W, Dirsteler 
MR: Cerebrospinal fluid immunoglobulins and multi- 
ple sclerosis: ges cher aga with magnetic resonance 
imaging and visually evoked potential changes, 367 
(Ap) 

Mullie MA see Hawke SHB 

Murakami JW, Courchesne E, Press GA, Yeung-Cour- 
chesne R, Hesselink JR: Reduced cerebellar hemi- 
sphere size and its relationship to vermal hypoplasia 
in autism, 689 (Je) 

Murray KB see Klutzow FW 

Murray TJ see Menken M 

Murros KE, Toole JF: Effect of radiation on carotid 
arteries: review article, 449 (Ap) 

Myers LW see Nuwer MR 

Myllylä VV see Isojärvi JIT 


N 


Nagataki S see Nakamura T 

Nagel JS see Johnson KA 

Nakamura T, Matsuo H, Shirabe S, Kinoshita |, Tomita l, 
Sato A, Nagataki S, Tsujihata M: Familial clusters in 
human T-cell lymphotropic virus type I-associated 
myelopathy (letter) 250 (Mr) 

Nakamura T, Tsujihata M, Shirabe S, Matsuo H, Ueki Y, 
Nagataki S: Characterization of HTLV-1 in T-cell line 
established from patient with myelopathy, 35 (Ja) 

Navarro X see Kennedy WR 

Nee LE, Brown RT, Polinksy RJ: HLA in autonomic 
failure, 758 (Jy) 

Nelson DA: 

Dangers from methylprednisolone acetate therapy by 
intraspinal injection (letter) 721 (Jy) 

Perceived dangers from intraspinal steroid injections 
(letter) 720 (Jy) 

Safety of intrathecal steroids in multiple sclerosis (let- 
ter) 718 (Jy) 

Nelson LM see Filley CM; Franklin GM 

Netzloff ML see Noll R 

Nguyen BV see Borucki SJ 

Nichols GG see Castaldo JE 

Nickles RJ see Dobkin JA; Rozental JM 

Nielsen JB see Lou HC 

Nigalye A see Thal LJ 

Noll RB, Netzloff ML, Kulkarni R: Long-term follow-up 
of biochemical and cognitive functioning in patients 
with mannosidosis, 507 (My) 

Norante J: Neurolaryngology (Book Review) 594 (Je) 

Norman AB see Ford LM 

Norris FH, Padia LA: Toxic and pet exposures in amyotro- 
phic lateral sclerosis (letter) 945 (Se) 

Norris JW, Krajewski A, Bornstein NM, Lewis AJ: 
Carotid plaque disruption (letter) 605 (Je) 

Nousiainen U. Mervaala E, Ylinen A, Uusitupa M, Riek- 
kinen P: Importance of electrocardiogram in ambula- 
tory electroencephalographic recordings, 1171 (No) 

Nuwer MR: Uses and abuses of brain mapping, 1134 (Oc) 

Nuwer MR, Ellison GW, Myers LW: Evoked potentials 
during multiple sclerosis therapeutic trials (letter) 11 
(Ja) 


0 


O'Fallon WM see Ingall TJ 
Obana WG see Klonoff DC 
Oda M see Yokochi K 
Olesen J see Andersen AR 
Olivier A see Marchal G 
Olsen TS see Andersen AR 
Olson L see Lindvall O 
Olsson T see Fredrikson S 
Orgogozo JM see Forette F 
Osame M see Kuriyama M; Yonenaga Y 
Ostfeld AM see Cook NR 
Ozdemir C see Serdardglu P 


p 


Pachner AR, Duray P, Steere AC: Central nervous 
system manifestations of Lyme disease, 790 (Jy) 

Padia LA see Norris FH 

Pakarinen AJ see Isojärvi JIT 


Pall HS, Williams AC, Blake DR: Deterioration of Wil- 
son's disease following start of penicillamine therapy 
(letter) 359 (Ap) 

Pang S see Elizan TS 

Panitch HS: Systemic interferon alfa in multiple sclerosis 
(letter) 252 (Mr) 

Parker RA see Allen GS 

Parkinson Study Group: DATATOP: multicenter con- 
tes clinical trial in early Parkinsons disease, 1052 
(Oc) 

Parmley VC: Does neuroretinitis rule out multiple sclero- 
sis? (letter) 358 (Ap) 

Patronas N see Grady CL 

Paulman RG see Homan RW 

Pauzner R, Moualiem M, Sadeh M, Tadmor R, Farfel Z: 
High incidence of primary cerebral lymphoma in tumor- 
induced central neurogenic hyperventilation, 510 (My) 

Pawlik G see Huber M 

Perani D see Rango M 

Péré JJ see Forette F 

Perecman E see Kovner R 

Perlman S see Birnbaum DC 

Pestronk A: First EN book written in English 
(1650) by Robert Pemell: De Morbis Capitis, 215 (Fe) 

Peterson AC, Dew MS, Powe LK: High-resolution mag- 
netic resonance imaging findings in juvenile-onset myo- 
tonic dystrophy (letter) 481 (My) 

Petit H see Leys D 

Pfister H-W, Preac-Mursic V, Wilske B, Einhaup! KM: 
Cefotaxime vs penicllin G for acute neurologic manifes- 
tations in Lyme borreliosis: prospective randomized 
study, 1190 (No) 

Phelps ME see Metter EJ 

Phillipart M see Birnbaum DC 

Phillips JA see Fenichel GM 

Phillips SA, Shanahan RJ: Etiology and mortality of 
status epilepticus in children: recent update, 74 (Ja) 

Piepgras DG see Yanagihara T 

Piers DA see Haaxma-Reiche H 

Pincus JH see Berlin L 

Pirozzolo FJ see Feher EP 

Portegies P, Epstein LG, Hung STA, de Gans J, Gouds- 
mit J: Human immunodeficiency virus type 1 antigen in 
cerebrospinal fluid: correlation with clinical neurologic 
status, 261 (Mr); correction, 1174 (No) 

Poser CM: Corticotropin is superior to corticosteroids in 
treatment of MS (letter) 946 (Se) 

Post JD see Goldstein SM 

Post RM see Hauser P 

Powe LK see Peterson AC 

Preac-Mursic V see Pfister H-W 

Press GA see Jernigan TL; Murakami JW 

Price BH, Mesulam M: Central pontine myelinolysis and 
rate of correction of hyponatremia (letter) 359 (Ap) 

Price TR: Herald hemiparesis (letter) 1164 (No) 

Pritchard JA: Magnesium sulfate in treatment of eclamp- 
sia (letter) 947 (Se) 

Pugh DB see Richardson KT 

Pullicino P, Aquilina J: Opsoclonus in organophosphate 
poisoning, 704 (Je) 


Q 


Quencer RM see Goldstein SM 
Quinteros O see Alvarez G 


R 


Rango M, Candelise L, Perani D, Messa C, Scarlato G, 
Canal N, Franceschi M, Fazio F: Cortical pathophysiol- 
ogy and clinical neurologic abnormalities in acute cere- 
bral ischemia: serial study with single photon emission 
coputed tomography, 1318 (De) 

Rao GR see Moossy J; Zubenko GS 

Rao SM, Bernardin L, Leo GJ, Ellington L, Ryan SB, 
Burg LS: Cerebral disconnection in multiple sclerosis: 
relationship to atrophy of corpus callosum, 918 (Au) 

Rao SM, Mittenberg W, Bernardin L, Haughton V, Lee 
GJ: Neuropsychological test findings in subjects with 
leukoaraiosis, 40 

Rapcsak SZ see Labadie EL; Watson RT 

Rapcsak SZ, Arthur SA, Bliklen DA, Rubens AB: Lexi- 
cal agraphia in Alzheimer’s disease, 65 (Ja) 

Rapcsak SZ, Kentros M, Rubens AB: Impaired recogni- 
tion of meaningful sounds in Alzheimer’s disease, 1298 
(De) 

poaa: SZ, Verfaellie M, Fleet WS, Heilman KM: 

elective attention in hemispatial neglect, 178 (Fe) 
ey ph SI see Grady CL 

Ratcliff G see Banks 

Ratcliff GG see Stefanatos GA 

Rausch R, Babb TL, Engel J Jr, Crandall PH: Memory 
following intracarotid amobarbital injection contralater- 
al to hippocampal damage, 783 (Jy) 

Rautenberg W see Hennerici M 

Reding MJ, McDowell FH: Focused stroke rehabilitation 
programs improve outcome, 700 (Je) 

Redmond JMT, Cros D, Martin JB, Shahani BT: Relaps- 
ing bilateral brachial plexopathy during pregnancy: 
report of case, 462 (Ap) 

Reed J Ill see Shakin EP 

Reed JF see Castaldo JE 

Rehncrona S see Lindvall O 

Remmel RP see Holmes GB 

Rhoads RE see Doebler JA 

Richardson KT, Globokar A, Pugh DB, Bushmann MM: 
Aphasia therapy: more than just hand-holding (letter) 
249 (Mr) 

Ricker K, Moxley RT, Rohkamm R: Rippling muscle 
disease, 405 (Ap) 

Riddle JM see D’Andrea G 

Riekkinen P see Nousiainen U 

Riekkinen PJ see Salmon DP 

Riggs JE see Romano JT 


Author Index 


Risse GL, Gates J, Lund G, Maxwell R, Rubens A: Inter- 
hemispheric transfer in patients with incomplete section 
of corpus callosum: anatomic verification with magnetic 
resonance imaging, 437 (Ap) 

Rivera VM: Safety of intrathecal steroids in multiple sclero- 
sis (letter) 718 (Jy) 

Robberecht W, Bednarik J, Bourgeois P, van Hees J, 
Carton H: Myasthenic syndrome caused by direct effect 
of chloroquine on neuromuscular junction, 464 (Ap) 

Robitaille Y see Marchal G 

Rohkamm R see Ricker K 

Roine RO, Somer H, Kaste M, Viinikka L, Karonen S-L: 
Neurological outcome after out-of-hospital cardiac arrest: 
ee by cerebrospinal fluid enzyme analysis, 753 
(Jy) 

Rolak LA: Magnetic resonance imaging in moyamoya dis- 
ease (letter) 14 (Ja) 

Roman M see Alarcón F 

Romano JT, Riggs JE, Bodensteiner JB, Gutmann L: 
Wasp sting- associated occlsuion of supraclinoid internal 
carotid artery: implications regarding pathogenesis of 
moyamoya syndrome (letter) 607 (Je) 

Rose LM see Ginsberg AH 

Rosen SG see Sanfield JA 

Rosen TJ see Johnson KA 

Rosenberg ML: Permanent lithium-induced downbeating 
nystagmus (letter) 839 (Au) 

Rosenberg NL, Hughes RL: Angiography in pure motor 
eres due to meningovascular syphilis (letter) 10 
(Ja) 

Rosene DL see Demeter S 

Rosenfeld WE see Holmes GB 

Rosenstein R see Sano M 

Ross ED, Anderson B, Morgan-Fisher A: Crossed aproso- 
dia in strongly dextral patients, 206 (Fe) 

Rosse RB: Fatigue in multiple sclerosis (letter) 841 (Au) 

Rossi G see Solari A 

Roth E see Heinemann AW 

Roth EJ see Heinemann AW 

Rothwell JC see Lindvall O 

Rowe BR see Dobkin JA 

Rowe JW see Minaker KL 

Howland LP: Life before MEDLINE: myasthenia gravis, 
muscular dystrophy, and myasthenic myopathy (letter) 
1047 (Oc) 

Rozental JM, Levine RL, Nickles RJ, Dobkin JA: Glucose 
uptake by gliomas after treatment: positron emission 
tomographic study, 1302 (De) 

Rubens A see Risse GL 

Rubens AB see Rapcsak SZ 

Rubin EH, Morris JC, Grant EA, Vendegna T: Very mild 
senile dementia of Alzheimer type: I, clinical assessment, 
379 (Ap) 

Rudick RA see Goodkin DE 

Ryan NJ see Husain F 

Ryan SB see Rao SM 

Ryberg S see Knopman DS 


S 


Saal F see Gout O 

Sackeim HA see Devanand DP 

Sadeh M see Pauzner R 

Saitoh T see Van Huynh T 

Salamone JD see Keefe KA 

Salmon DP, Kwo-on-Yuen PF, Heindel WC, Butters N, 
Thal LJ: Differentiation of Alzheimer’s disease and Hun- 
tington’s disease with dementia rating scale, 1204 (No) 

Salmon DP, Riekkinen PJ, Katzman R, Zhang M, Jin H, Yu 
E: Cross-cultural studies of dementia: comparison of mini- 
mental state examination performance in Finland and 
China, 769 (Jy) 

Sanberg PR see Ford LM 

Sandberg M see Medalia A 

Sanders L see Massey EW 

Sanfield JA, Linares OA, Cahalan DD, Forrester JM, 
Halter JB, Rosen SG: Altered norepinephrine metabo- 
lism in Shapiro’s syndrome, 53 (Ja) 

Sano M, Mayeux R, Stern Y, Williams J, Coté L, Rosen- 
stein R: Coexisting dementia and depression in Parkin- 
son's disease, 1284 (De) 

Sato A see Nakamura T 

Sato S see Fink JK 

Satoh J see Yokochi K 

Savettieri G see Solari A 

Savino PJ see Shakin EP 

Scarlato G see Rango M 

Scharf D: Neurocysticercosis (letter) 843 (Au) 

Scherr PA see Cook NR 

Schiffman PL see Belsh JM 

Schiller F: Migraineur vs migraineuse (letter) 1168 (No) 

Schlegel J see Mohr E 

Schor JM see Thal LJ 

Schröder JM see Sommer C 

Schutta HS see Backonja M 

Scollo-Lavizzari G see Ettlin TM 

Seiger A see Lindvall O 

Seiler WO see Ettlin TM 

Serdaroğlu P, Yazici H, Ozdemir C, Yurdakul S, Bahar S, 
Atkin E: Neurologic involvement in Behcet's syndrome: 
prospective study, 265 (Mr) 

Sergott RC see Shakin EP 

Serur D see Jeret JS 

Shah S see Vanclay F 

Shahani BT see Redmond JMT 

Shakin EP, Bosley TM, Gee W, Reed J Ill, Brown GC, 
Sergott RC, Savino PJ: Abnormal ocular pneumopleth- 
ysmographic results in unilateral neovascular glaucoma, 
1308 (De) 

Shanahan RJ see Phillips SA 

Sharpless NS see Thal 

Shaw C-M see Wytrzes LM 

Sherman D see Asinger RW 


Arch Neurol—Vol 46, December 1989 


Sherman R see Anderson DC 

Shewmon DA: Semantic confusion surrounding ‘brain 
death’ (letter) 603 (Je) 

Shields WD see Birnbaum DC 

Shirabe S see Nakamura T 

Short P see Banks G 

Shoubridge E see Matthews PM 

Shuttleworth EC see Huber SJ 

Silver K see Marchal G 

Sinclair B see Marchal G 

Sindic C see Delreux V 

Smith DB see Wilson WB 

Smith DN: 

Clinical Atlas of Auditory Evoked Potentials (Book Review) 
476 (My) 

Ocular Differential Diagnosis, ed 4 (Book Review) 942 (Se) 

Smith JL see Galetta SL 

Smith T see Lange DJ 

Smith TW see Fisher M 

Solari A, sh igh G, Gagliardi L, Bevilacqua L, Amantini 
A, Giuliani G, Messina C, Rossi G, Savettieri G, Tredici 
G, Duca PG: Interobserver agreement in diagnosis of 
multiple sclerosis, 289 (Mr) 

Somer H see Roine RO 

Sommer C, Schröder JM: Hereditary motor and sensory 
neuropathy with optic atrophy: ultrastructural and mor- 
phometric observations on nerve fibers, mitochondria, 
and dense-cored vesicles, 973 (Se) 

Soso MJ see Marcus DA 

Sotrel A see Kieval RI 

Sparks DL: Aging and Alzheimer’s disease: altered cortical 
serotonergic binding, 138 (Fe) 

Speelman HD see Stam J 

Spetzler RF see Lee KS 

Spierings ELH, Graham JR: Cerebral hypoperfusion fol- 
ae by hyperperfusion in classic migraine (letter) 605 
(Je) 

Staehelin HB see Ettlin TM 

Stahl SM, Faull KF, Barchas JD, Berger PA: Retraction 
(letter) 1047 (Oc) 

Stakes JW see Weilburg JB 

Stam J, Speelman HD, van Crevel H: Tendon reflex asym- 
ete by voluntary mental effort in healthy subjects, 70 
(Ja) 

Starr A see Kundi M 

Starr A: Distinguishing and improving dysarthria due to 
facial weakness (letter) 125 (Fe) 

Starr A, Abraham G, Zhu Y, Ding DY, Ma L: Electrophysio- 
logical measures during acupuncture-induced surgical an- 
algesia, 1010 (Se) 

Stebbins GT see Fox JH 

Steere AC see Pachner AR 

Stefanatos GA, Green GGR, Ratcliff GG: Neurophysiolog- 
ical evidence of auditory channel anomalies in develop- 
mental dysphasia, 871 (Au) 

Steg G see Lindvall O 

Stein BM see Barr WB 

Steinberg AD see Krupp LB 

Steinke W see Hennerici M 

Stern GM see Mathers SE 

Stern Y see Sano M 

Stevens JC see Markand ON 

Storandt M, Hill RD: Very mild senile dementia of Alz- 
heimer type: II. psychometric test performance, 383 (Ap) 

Stricker EM see Keefe KA 

Strömberg | see Lindvall O 

Strub RL: Frontal lobe syndrome in patient with bilateral 
globus pallidus lesions, 1024 (Se) 

Such RVP see Kassirer MR 

Suehara M see Yonenaga Y 

Sunderland T see Grady CL 

Suzuki H see Tsukamoto T 

Swash M see Mathers SE 

Swerdloff MA see Harris JO 

Swift TR: Neurons in Onuf’s nucleus (letter) 606 (Je) 

Szelies B see Huber M 


T 


Tadmor R see Pauzner R 

Takahashi K see Urakami K 

Talamás O, Del Brutto OH, Garcia-Ramos G: Brain-stem 
tuberculoma: analysis of 11 patients, 529 (My) 

Tampieri D see Marchal G 

Tanaka J, Mimaki T, Yabuuchi H: Prognostic value of 
electrically elicited blink reflex in neonates, 189 (Fe) 

Tanki SA, Dhobi GN: Epidemiologic aspects of epilepsy 
(letter) 479 (My) 

Tarlau M: Extensor toe reflex (letter) 1048 (Oc) 

Tashima-Kurita S, Matsushima T, Kato M, Morioka T, 
Kuwabara Y, Hasuo K, Fukui M: Moyamoya disease: 
posterior cerebral artery occlusion and pattern reversal 
visual-evoked potential, 550 (My) 

Taylor JO see Cook NR 

Terunuma H see Tsukamoto T 

Thal LJ see Salmon DP 

Thal LJ, Lasker B, Sharpless NS, Bobotas G, Schor JM, 
Nigalye A: Plasma physostigmine concentration after 
controlled-release oral administration (letter) 13 (Ja) 

Theodore WH see Hauser P 

Thomas J see Hier DB 

Thompson HS see Corbett JJ 

Thompson PD see Gledhill RF 

Tobin JN see Masdeu JC 

Tomita | see Nakamura T 

Toole JF see Murros KE 

Torner J see Graff-Radford NR 

Tournier-Lasserve E see Gout O 

Tranel D see Hyman BT 

Tredici G see Solari A 

Troiano R, Cook SD, Dolwing PC: Is steroid therapy in 
multiple sclerosis superior to corticotropin therapy? (let- 
ter) 362 (Ap) 


Tsai J-L see Huang C-C 


Tsujihata M see Nakamura T 

Tsukagoshi H see Yokota T 

Tsukamoto T, Yamamoto H, Iwasaki Y, Yoshie O, 
Terunuma H, Suzuki H: Antineural autoantibodies in 
patients with paraneoplastic cerebellar degeneration, 
1225 (No) 

Tsuruta K see Kitamura J f 

Tuhrim S, Weinberger J: Basilar artery occlusion (letter) 
946 (Se) 

Tulipan NB see Allen GS 

Tzeng J-L see Huang C-C 


Ueki Y see Nakamura T 

Uliman MD see Crino PB 

Ulrich J see Ettlin TM 

Urakami K, Adachi Y, Takahashi K: Community-based 
study of parental age at birth of patients with dementia of 
Alzheimer type, 38 (Ja) 

Uusitupa M see Nousiainen U 


V 


van Crevel H see Stam J 

van der Dijs B see Lechin F 

Van Fleet N see McCulla MM 

van Gijn J: Plagiarism: Babinski, art, and originality (let- 
ter) 1046 (Oc) 

van Hees J see Robberecht W 

Van Hoesen GW see Demeter S 

van Huffelen AC: Tribute to Martinus Rulandus: 16th cen- 
tury description of benign focal epilepsy of childhood, 445 
(Ap) 

Van Huynh T, Cole G, Katzman R, Huang K-P, Saitoh T: 
Reduced protein kinase C immunoreactivity and altered 
‘eben, phosphorylation in Alzheimer’s disease fibro- 

lasts, 1195 (No) 

van Kroonenburgh MJPG see Haan J 

van Royen EA see Haan J 

Vanclay F, Shah S: Validity of outcome following stroke 
rehabilitation (letter) 1270 (De) 

VandenBerg SR see Klein P 

Vates TS Jr see Menken M 

VendegnaT see Rubin EH 

Verdugo R see Alvarez G 

Verfaellie M see Rapcsak SZ 

Viinikka L see Roine RO 

Vijayan N: Regional cerebral blood flow in classic migraine 
(letter) 605 (Je) 

Villa S see Lechin F 

Vogel FS see Farmer TW 

Vogt BA see Crino PB 

Volicer L see Crino PB 


w 


Wade PB see Bridgers SL 

Walker AE, Blumer D: Fate of World War II veterans with 
posttraumatic seizures, 23 (Ja) 

Walker FO, Alessi AG, Digre KB, McLean WT: Psychogen- 
ic respiratory distress, 196 (Fe) 

Walker P see Homan RW 

Wall M see Durcan FJ 

Wang J-D see ry Aig 

Warach JD see Hier DB 

Warmolts JR see Barohn RJ 

Warnick JE see Miller SC 

Wasch HH, Estrin WJ, Yip P, Bowler R, Cone JE: Prolon- 
gation of P-300 latency associated with hydrogen sulfide 
exposure, 902 (Au) 

Wasserstein J see Barr WB 

Watson MG see Ewert J 

Watson RT, Rapcsak SZ: Loss of spontaneous blinking in 
patient with Balint’s syndrome, 5 F (My) 

Webb EW see Dimancescu MD 

Weilburg JB, Mesulam M-M, Weintraub S, Buonanno F, 
Jenike M, Stakes JW: Focal striatal abnormalities in 
patient with obsessive-compulsive disorder, 233 (Fe) 

Weinberger J see TurhimS 

Weinblatt ME see Kieval RI 

Weinshenker BG, Ebers GC: Systemic interferon alfa in 
multiple sclerosis (letter) 251 (Mr) 

Weinstein HC see Haan J 

Weintraub S see Weilburg JB 

Weissman BM see Weissman JD 

Weissman JD, Weissman BM: Pontine myelinolysis and 
delayed encephalopathy following rapid correction of 
acute hyponatremia, 926 (Au) 

Welch KMA see D'Andrea G 

Wender D: Aphasic victim as investigator, 91 (Ja) 

Whipple R see Masdeu JC 

Whisnant JP see Ingall TJ 

Wichmann W see Müller FAJ 

Widner H see Lindvall O 

Wiggli U see Ettlin TM 

Wilkinson H: Dangers from methylprednisolone acetate 
therapy by intraspinal injection (letter) 721 (Jy) 

Williams AC see Pall HS 

Williams BW see Henderson VW 

Williams J see Mohr E; Sano M 

Williams RS see Lai F 

Wilske B see Pfister H-W 

Wilson RS see Fox JH 

Wilson WB, Smith DB: Does neuroretinitis rule out multi- 

le sclerosis? (letter) 358 (Ap) 

Wingfield MS see Farmer TW 

Wirch AL see Wytrzes LM 

Wisniewski K see Jeret JS 

Wolfson L see Masdeu JC 

Wolters EC see Huang C-C 

Woolsey RM: Treatable causes of meningomyeloradiculitis 
in individuals infected with human immunodeficiency vi- 
rus (letter) 723 (Jy) 


Author Index 1371 


Wooten GF see Klein P 

Wytrzes LM, Chatrian G-E, Shaw C-M, Wirch AL: Acute 
failure of forebrain with sparing of brain-stem function: 
ra pie Seat oe a multimodality evoked poten- 


tial, and pathological findings, 93 (Ja) 
Y 
4 
Yabuuchi H see Tanaka J 
Yahr MD see Elizan TS 
Yamadori A see Mori E 


Yamamoto H see Tsukamoto T 

Yamut BI, Karpati G: McArdle’s disease aggravates nuchal 
and cranial muscle contraction pains (letter) 361 (Ap) 

Yanagihara T, Klass DW, Piepgras DG, Houser OW: Brief 
loss of consciousness in bilateral carotid occlusive disease, 
858 (Au) 

Yarkony GM see Heinemann AW 


Yazici H see Serdaroglu P 

Yeung-Courchesne R see Murakami JW 

vp P see Wasch HH 

Ylinen A see Nousiainen U 

Yokochi K, Oda M, Satoh J, Morimatsu Y: Autopsy case of 
atypical infantile motor neuron disease with hyaline in- 
traneuronal inclusions, 103 (Ja) 

Yokota T, Furukawa T, Tsukagoshi H: Motor paresis im- 
proved by hai ayy block: motor form of reflex sympa- 
thetic dystrophy? 683 (Je) 

Yonenaga Y, Arimura K, Suehara M, Arimura Y, Osame 
M: Electroencephalographic abnormalities in human T-cell 
lymphotropic virus type I-associated myelopathy, 513 (My) 

Yoshie O see Tsukamoto T 

Yoshii F see Loewenstein DA 

Youl BD: Neurological double entente (letter) 1167 (No) 

Young JB see Minaker KL 

Young WB, Heros DO, Ehrenberg BL, Hedges TR Ill: 


SUBJECT INDEX TO VOLUME 46 


Metamorphopsia and palinopsia: association with ae 
lateralized epileptiform discharges in patient with malig- 
nant astrocytoma, 820 (Jy) 

Yu E see Salmon DP 

Yurdakul S see Serdaroglu P 

Yuzbasiyan-Gurkan V see Brewer GJ 


Z 


Zaeri N see de León GA 

Zee DS see Buettner UW 

Zhang M see Salmon DP 

Zhu Y see Starr A 

Zigmond MJ see Keefe KA 

Zubenko GS see Moossy J 

Zubenko GS, Moossy J, Martinez AJ, Rao GR, Kopp U, 
Hanin |: Brain regional analysis of morphologic and cho- 
linergic abnormalities in Alzheimer’s disease, 634 (Je) 


The following index is an alphabetical list of significant subjects presented in this volume. Books reviewed are listed 
alphabetically by first author under the heading "BOOK REVIEWS.” The month is given as a two letter notation in 


parentheses. 


A 


Abdomen 

Left ventricular thrombus and systemic emboli complicat- 
ing cardiomyopathy of Duchenne’s muscular dystrophy 
[Gaffney ] 1249 (No) 

Abducens Nerve 

Chronic isolated sixth nerve palsies [Galetta] 79 (Ja) 

Abnormalities 

Brain regional analysis of morphologic and cholinergic ab- 
normalities in Alzheimer’s disease | Zubenko] 634 (Je) 

Brain-stem auditory evoked potential abnormalities with 
unilateral brain-stem lesions demonstrated by magnetic 
resonance imaging [Markand] 295 (Mr) 

Cortical pathophysiology and clinical neurologic abnormali- 
ties in acute cerebral ischemia: serial study with single 
photon emission eoputed tomography [Rango] 1318 (De) 

Focal striatal abnormalities in patient with obsessive- com- 
pulsive disorder [Weilburg] 233 (Fe) 

High-resolution magnetic resonance imaging findings in ju- 
ati myotonic dystrophy (letter) [Peterson] 481 
(My) 

Lateralization of brain morphologic and cholinergic abnor- 
malities in Alzheimer’s disease Tite 639 (Je 

Abortion 

Human fetal dopamine neurons grafted into striatum in 2 
patients with severe Parkinson's disease: detailed ac- 
sae of methodology and 6-month follow-up [Lindvall] 

(Je) 

Acanthosis Nigricans 

Phenytoin-induced improvement in muscle cramping and 
insulin action in 3 patients with syndrome of insulin resis- 
tance, acanthosis nigricans, and acral hypertrophy [Min- 
aker] 981 (Se) 

Accidents 

Brain white-matter changes in elderly prone to falling [Mas- 
deu] 1292 (De) 

Accidents, Traffic 

Neurologic eye signs following motorcycle accidents 
[Keane] 761 (Jy) 

Acetyicarnitine see Carnitine 

Acetylcholine 

Opsoclonus in organophosphate poisoning [Pullicino] 704 


(Je 

Acetyicholinesterase 

Brain regional analysis of morphologic and cholinergic ab- 
normalities in Alzheimer’s disease | Zubenko] 634 (Je) 

Acetylithiocholine see Physostigmine 

Acetyltransferases 

Brain regional analysis of morphologic and cholinergic ab- 
normalities in Alzheimer’s disease [Zubenko] 634 (Je) 

Chronic myopathy with partial deficiency of carnitine palmi- 
tyltransferase enzyme [Kieval] 575 (My) 

Lateralization of brain morphologic and cholinergic abnor- 
malities in Alzheimer’s disease | Moossy] 639 (Je) 

Acidosis, Lactic 

Brain phosphorus magnetic resonance spectroscopy in acute 
bacterial meningitis [Matthews] 994 (Se) 

Acocantherin see Oubain 

Acquired Immunodeficiency Syndrome 

Cryptococcal meningitis: false-negative antigen test results 
and cultures in nonimmunosuppressed patients [Berlin] 
1312 (De) 

Eye movements in acquired immunodeficiency syndrome 
(letter) [Friedman] 841 (Au) 

Growth factors for neuronal survival and process regenera- 
tion: implications in mammalian central nervous system 
[Lipton] 1241 (No) 

Human immunodeficiency virus type 1 antigen in cerebro- 
spinal fluid: correlation with clinical neurologic status 
[Portegies] 261 (Mr); correction, 1174 (No) 

Listeria brain abscess in acquired immunodeficiency syn- 
drome (letter) [Harris] 250 (Mr) 

Neuropsychological and neurological function of human im- 
munodeficiency virus seropositive asymptomatic individ- 
uals [Goethe] 129 (Fe) 

Neurosyphilis in acquired immunodeficiency syndrome 
[Katz] 895 (Au) 

Polymyositislike syndromes in y i immunodeficiency 
syndrome (letter) [Curtis] 841 (Au) 

i lateral sclerosis (letters) [Giesser, Fredrikson] 
1166, 1168 (No) 


1372 Arch Neurol—Vol 46, December 1989 


Relation of personality and attentional factors to cognitive 
deficits in human immunodeficiency virus-infected sub- 
jects [Kovner | 274 (Mr) 

Treatable causes of meningomyeloradiculitis in individuals 
infected with human immunodeficiency virus (letter) 
[Lanska] 722, (reply) [Woolsey | 723 (Jy) 

Acrocephalosyndactylia 

Agenesis of corpus callosum and limbic malformation in 
Apert’ syndrome (letter) [Jeret] 10 (Ja) 

Agenesis of corpus callosum and limbic malformations revis- 
ited [Cohen] (letter) 1270 (De) 

Agenesis of corpus callosum in Apert syndrome? (letter) [de 

eon} 479 (My) 

Acupuncture 

Electrophysiological measures during acupuncture-induced 
surgical analgesia [Starr] 1010 (Se) 

Adenocarcinoma 

Focal cerebral infarctions associated with perivascular tu- 
mor infiltrates in carcinomatous leptomeningeal metasta- 
ses [Klein] 1149 (Oc) 

Adenosine Monophosphate 

Cultured cells as screen for novel treatments of Alzheimer's 
disease [Malow] 1201 (No) 

Adenosine Triphosphatase 

Ouabain binding in human brain: effects of Alzheimer's dis- 
ease and aging tark 951 (Se) 

Adenosine Triphosphate 

Brain phosphorus magnetic resonance spectroscopy in acute 
bacterial meningitis [Matthews] 994 (Se) 

Administration, Oral 

Plasma physostigmine concentrations after controlled-re- 
lease oral administration (letter) [[Thal] 13 (Ja) 

Administration, Rectal 

Absorption of valproic acid suppositories in human volun- 
teers [Holmes] 906 (Au) 

Adrenal Cortex Hormones 

Chronic myelopathies associated with human T-lymphotro- 
pie virus type I: clinical, serologic, and immunovirologic 
study of 10 patients in France [Gout] 255 (Mr) 

Corticotropin is superior to corticosteroids in treatment of 
MS (letter) [Poser] 946 (Se) 

High-incidence of primary cerebral lymphoma in tumor- 
induced central neurogenic hyperventilation [Pauzner] 
510 (My) 

Incidence of pseudotumor cerebri: population studies in 
Iowa and Louisiana [Durean] 45:875 (Au); correction, 
46:172 (Fe) 

Use of methylprednisolone in epidural analgesia (letter) 
[Haynes] 1167 (No) 

Adrenergic Alpha Receptor Agonists 

Clonidine treatment of Alzheimer’s disease [Mohr] 376 (Ap) 

Adrenocorticotropic Hormones 

Corticotropin is superior to corticosteroids in treatment of 
MS (letter) [Poser] 946 (Se) 

Is steroid therapy in Spel imag superior to cortico- 
tropin therapy? (letter) [Troiano] 362 (Ap) 

Adult T-Cell Leukemia-Lymphoma Virus | Antigens see 
HTLV-I Antigens 

Adult T-Cell Leukemia-Lymphoma Virus | see 
HTLV-I 

Affect 

Neuropsychological differences between dementias of 
A and Parkinson’s disease [Huber] 1287 
(De) 

Age Factors 

Community-based study of parental age at birth of pa- 
rong with dementia of Alzheimer’s type [Urakami] 38 
(Ja) 

Aged 

Brain white-matter changes in elderly prone to falling 
[Masdeu] 1292 (De) 

Correlates of headache in population-based cohort of el- 
derly [Cook] 1338 (De) 

Frequency of idiopathic normal pressure hydrocephalus 
(letter) [Casmiro] 608 (Je) 

Verbal mem test with high predictive accuracy for 
dementia of Alzheimer eyhet Rloomant 141 (Fe) 

Very mild dementia of Alzheimer type: II. Psychometric 
test performance [Storandt] 383 (Ap) 

Agnosia 

Impaired recognition of meaningful sounds in Alzheimer's 

isease [Rapesak] 1298 (De) 


raphia 

Distributed anatomy of transcortical sensory aphasia [ Alex- 
ander] 885 (Au) 

Lexical agraphia in Alzheimer’s disease [Rapesak | 65 (Ja) 

AIDS-Related Complex 

Relation of personality and attentional factors to cognitive 
deficits in human immunodeficiency virus-infected sub- 
ic [Kovner] 274 (Mr) 

Albendazole 

Neurocysticercosis: short course of treatment with albenda- 
zole, [Alarcón] 1231 (No) 

Albumins 

Cerebrospinal fluid immunoglobulin abnormalities in neuro- 
sarcoidosis | Borucki| 270 (Mr) 

Alcohol Amnestic Disorder 

Deep cerebral venous thrombosis: clinical, neuroradiologi- 
cal, and neuropsychological correlates [Haley] 337 (Mr) 

Alcohol, Ethyl 

Motor ati improved by sympathetic block: motor form 
of reflex sympathetic dystrophy? [Yokota] 683 (Je) 

Alcoholism 

‘Catatonia’ due to disulfiram toxicity [Fisher] 798 (Jy) 

Allegri, Antonio (1494-1534) 

Babinski’s sign in Medieval, Renaissance, and Baroque art 
[Massey] 85 (Ja) 

Alpha Adrenergic Receptor Agonists see Adrenergic 
Alpha Receptor Agonists 

Altitude Sickness see Anoxia 

Alzheimer’s Disease 

Aging and Alzheimer’s disease: altered cortical serotonergic 

inding [Sparks] 138 (Fe) 

Pran Je t in dementia of Alzheimer type [Crino] 

(Ap 

Brain regional analysis of morphologic and cholinergic ab- 
normalities in Alzheimer’s diseke | Zabenio | 634 (Je) 

Clinical and pathological aspects of Parkinsonism in Alz- 
oe ede disease: role for extranigral factors? [Morris] 651 
(Je) 

Clonidine treatment of Alzheimer’s disease [Mohr] 375 (Ap) 

Cognitive loss in multiple sclerosis: case reports and review 
of literature [Franklin] 162 (Fe) 

Commissural connections and symmetry of degeneration in 
Alzheimer's disease (letter) [Demeter ] 723 ( y) 

Community-based study of parental age at birth of patients 
with dementia of Alzheimer’s type [Urakami] 38 (Ja) 

Comparison of dementia in Alzheimer’s disease and multiple 
sclerosis [Filley] 157 (Fe) 

Compre wrap ink electroencephalography, and clini- 
cal features in differential diagnosis of senile dementia: 
prospective clinicopathologic study [Ettlin] 1217 (No) 

Cultured cells as screen for novel treatments of Alzheimer’s 
disease [Malow] 1201 (No) 

Dementia: review emphasizing ear, eee ne correlation 
and brain-behavior relationships [Chui] 806 (Jy) 

Differentiation of Alzheimer’s disease and Huntington's dis- 
ease with dementia rating scale [Salmon] 1204 (No) 

Divided attention, as measured by dichotic speech perfor- 
mance, in dementia of Alzheimer type [Grady] 317 (Mr) 

DNA synthesis in Alzheimer type II astrocytosis: question 
of astrocytic proliferation and mitosis in experimentally 
induced hepatic encephalopathy [Brumback | 845 (Au) 

Growth factors for neuronal survival and process regenera- 
tion: implications in mammalian central nervous system 
[Lipton] 1241 (No) 

Impaired recognition of meaningful sounds in Alzheimer’s 
j papaki [Rapcsak] 1298 (De) 

Lateralization of brain morphologic and cholinergic abnor- 
malities in Alzheimer’s disease eee 639 (Je) 

Lexical agraphia in Alzheimer's disease [Rapcsak] 65 (Ja) 

Multiple sclerosis: unexpected cause of senile dementia (let- 
ter) [Fox] 1269 (De) 

Neuronal RNA in Pick’s and Alzheimer’s diseases: compari- 
son of disease-susceptible and disease-resistant cortical 
areas [Doebler] 134 (Fe) 

N 3 atone: correlates of leuko-araiosis [Janota] 1124 
(Oc 


Neuropsychological differences between dementias of Alz- 
heimer’s and Parkinson's disease [Huber] 1287 (De) 

Ouabain binding in human brain: effects of Alzheimer’s dis- 
ease and aging [Harik] 951 (Se) 

Pilot study of haloperidol treatment of parion and behavior- 
al disturbance in Alzheimer’s disease [Devanand] 854 (Au) 


Subject Index 


x i uy gre F ur 


Plasma physostigmine concentrations after controlled-re- 
lease oral administration (letter) [Thal] 13 (Ja) 

Posterior cortical atrophy: new clinical entity, or Alz- 
heimer’s disease? (letter) [Feher] 843, (reply) [Benson] 
844 (Au) 

Predictors of survival in clinically diagnosed Alzheimer’s 
disease and multi-infarct dementia [Hier] 1213 (No) 

Predominant left hemisphere metabolic dysfunction in de- 
mentia [Loewenstein] 146 (Fe) 

Prospective study of Alzheimer disease in Down syndrome 
[Lai] 849 (Au) 

Reduced protein kinase C immunoreactivity and altered 
Seep phosphorylation in Alzheimer’s disease fibro- 

lasts [Van Huynh] 1195 (No) 

Reliability of clinical nurse specialists in staging of dementia 
[McCulla] 1210 (No) 

Single photon emission computed tomography in Alz- 
heimer’s disease (letter) [Haan] 1165, (reply) [Johnson] 
1166 (No) 

Spatial disorientation in Alzheimer’s disease [Henderson] 
391 (Ap) 

Vascular dementia and dementia of Alzheimer-type cogni- 
tion (letter) [Loeb] 839 (Au) 

Vascular dementia and dementia of Alzheimer-type cogni- 
tion (letter) [Cummings] 1046 (Oc) 

Verbal memory test with high predictive accuracy for de- 
mentia of Alzheimer type [Knopman] 141 (Fe) 

Very mild dementia of Alzheimer type: II. Psychometric 
test performance [Storandt] 383 (Ap) 

Very mild senile dementia of Alzheimer type: I. clinical 
assessment [Rubin] 379 (Ap) 

Amantadine 

Amantadine treatment of fatigue associated with multiple 
sclerosis [Cohen] 676 (Je) 

Ambidexterity see Laterality 

Amitriptyline 

1985 National Ambulatory Medical Care Survey of neurolo- 
gists: clinician's perspective [Menken] 1346 (De) 

Amnesia 

Procedural memory during posttraumatic amnesia in survi- 
vors of severe closed head injury: implications for reha- 
bilitation [Ewert] 911 (Au) 

Amobarbital 

Intraearotid amobarbital sodium procedure: false- Spade 
errors during recognition memory assessment [Loring] 
285 (Mr) 

Amphetamines 

Paradoxical kinesia in Parkinsonism is not caused by dopa- 
mine release: studies in animal model [Keefe] 1070 (Oc) 

Prediction of language and neurologic recovery after cere- 
bral infarction with SPECT imaging using N-isopropy] 
rho (I 123) idoamphetamine [Bushnell] 665 (Je) 

Amyloid 

Paopao correlates of leuko-araiosis [Janota] 1124 
(Oc) 

Prospective study of Alzheimer disease in Down syndrome 
[Lai] 849 (Au) 

Tangles of ependyma-choroid plexus contain beta-amyloid 
protein epitopes and represent new form of amyloid fiber 
(letter) [Moossy] 1165 (No) 

Amyotrophic Lateral Sclerosis 

Amyotrophic lateral sclerosis (letter) [Brownell | 480 (My) 

Neurons in Onuf's nucleus (letter) [Swift | 606, (reply) [Mit- 
sumoto] 607 (Je) 

Primary lateral sclerosis (letters) [Giesser, Fredrikson] 
1166, 1168 (No) 

Protirelin (thyrotropin-releasing hormone) in amyotrophic 
lateral sclerosis: role of androgens [Miller | 330 (Mr) 

Toxie and pet exposures in amyotrophic lateral sclerosis 
(letter) [Norris] 945 (Se) 

Analgesia 

Electrophysiological measures during acupuncture-induced 
surgical analgesia [Starr] 1010 (Se) 

Androgens 

Protirelin (thyrotropin-releasing hormone) in amyotrophic 
lateral sclerosis: role of androgens [Miller | 330 (Mr) 

Anesthesia 

Hemianesthesia and aphasia: anatomical and behavioral 
study [Hyman] 816 (Jy) 

Aneurysm 

Factors associated with hydrocephalus after subarachnoid 
hemorrhage: report of Cooperative Aneurysm Study 
|Graff-Radford | 744 (Jy) 

Painful oculomotor nerve palsy due to dural-cavernous sinus 
shunt [Hawke] 1252 (No) 

Warning headache in aneurysmal subarachnoid hemor- 
rhage (letter) [Fox] 839 (Au) 

pndiography 

Deep cerebral venous thrombosis: clinical, neuroradiologi- 
cal, and neuropsychological correlates [Haley] 337 (Mr) 

Duplex ultrasound and ocular pneumoplethysmography 
concordance in detecting severe carotid stenosis [Cas 
taldo] 518 (My) 

High-resistance Doppler flow pattern in extracranial carot- 
id dissection [Hennerici] 670 (Je) 

Painful oculomotor nerve palsy due to dural-cavernous sinus 
shunt [Hawke] 1252 (No) 

Value of EEG in determining brain death (letter) [De Gior- 
gio] 602 (Je) 

Angioma see Hemangioma 

Animals, Domestic 

Toxic and pet exposures in amyotrophic lateral sclerosis 
(letter) [Norris] 945 (Se) 

Anomia see Aphasia 

Anosmia 

Persistent high-altitude headache and aguesia without an- 
osmia [Kassirer] 340 (Mr) 

Post-traumatic anosmia: ultrastructural correlates [Jafek] 

00 (Mr) 

Anoxia 

Frontal lobe syndrome in patient with bilateral globus palli- 
dus lesions [Strub] 1024 (Se) 

MK-801 prevents hippocampal neurodegeneration in neonatal 
hypoxic-ischemic rats [Ford] 1090 (Oc) 


Arch Neurol— Vol 46, December 1989 


Persistent high-altitude headache and aguesia without an- 
osmia [Kassirer ] 340 (Mr) 

Antibodies 

Antineural autoantibodies in patients with paraneoplastic 
cerebellar degeneration [Tsukamoto | 1225 (No) 

Antibodies, Monoclonal 

Mononuclear cell types in cerebrospinal fluid and blood of 
patients with multiple sclerosis: > seman t by immun- 
oenzyme microassay with panel of monoclonal antibodies 
[Fredrikson] 372 (Ap) 

Antibody-Coated Bacteria Test, Urinary see Fluorescent 
Antibody Technic 

Anticoagulants 

Cardiogenic brain embolism: second report of Cerebral Em- 
pohea Task Force [Asinger] 727 (Jy); correction, 1079 
(Oc) 

Anticonvulsants 

Benzodiazepine withdrawal delirium with catatonic fea- 
tures: occurrence in patients with partial seizure disor- 
ders [Hauser] 696 (Je) 

Cognitive function and regional cerebral blood flow in par- 
tial seizures [Homan] 964 (Se) 

Fate of World War II veterans with posttraumatic seizures 
[Walker] 23 (Ja) 

Magnesium sulfate in treatment of eclampsia (letter) 
[Pritchard] (letter) 947, (reply) [Hachinski] 948 (Se) 

Pharmacokinetics of valproate in adults after single loading 
dose (letter) [Giroud] 13 (Ja) 

Antifibrinolytic Agents 

Factors associated with aydrecaphais after subarachnoid 
hemorrhage: report of Cooperative Aneurysm Study 
[Graff-Radford | 744 (Jy) 

Antiparkinson Agents 

Human fetal dopamine neurons grafted into striatum in 2 
patients with severe Parkinson's disease: detailed ac- 
count of methodology and 6-month follow-up [Lindvall] 
615 (Je) 

Antitubercular Agents 

Brain-stem tuberculoma: analysis of 11 patients [Talamas] 
529 (My) 

Anus 

Anal sphincter dysfunction in Parkinson's disease [Mathers] 
1061 (Oc) 

Anxiety Disorders 

Autoseopic phenomena with seizures [Devinsky] 1080 (Oc) 

Relation of personality and attentional factors to cognitive 
deficits in human immunodeficiency virus-infected sub- 
jects [Kovner] 274 (Mr) 

Aphasia 

Aphasia therapy: more than just hand-holding (letter) 
[Richardson] (reply) [Landau] 249 (Mr) 

Aphasic victim as investigator [Wender] 91 (Ja) 

Cerebral glucose metabolism in Wernicke’s, Broca’s, and 
conduction aphasia [Metter] 27 (Ja) 

Distributed anatomy of transcortical sensory aphasia [Alex- 
ander] 885 (Au) 

Hemianesthesia and aphasia: anatomical and behavioral 
study [Hyman] 816 (J p 

Impaired recognition of meaningful sounds in Alzheimer’s 
disease [Rapcsak] 1298 (De) 

Neurophysiological evidence of auditory channel anomalies 
in developmental dysphasia [Stefanatos | 871 (Au) 

On cerebral metabolism and aphasia (letter) [Mark] 
1271,(reply) [Metter] 1272 (De) 

Prediction of language and neurologic recovery after cere- 
bral infarction with SPECT imaging using N-isopropyl 
rho (I 123) idoamphetamine [Bushnell] 665 (Je) 

Predictors of survival in clinically diagnosed Alzheimer’s 
disease and multi-infarct dementia [Hier] 1213 (No) 

Prosody, socioeconomic level, and right hemisphere (letter) 
[Alvarez | 480 (My) 

Aphasia, Acquired see Aphasia 

Aphasia, Broca see Aphasia 

Aphasia, Childhood see Aphasia 

Aphasia, Wernicke see Aphasia 

Apomorphine 

Anal sphincter dysfunction in Parkinson’ disease [Mathers] 
1061 (Oc) 

Apoplexy see Cerebrovascular Disorders 

ARCHIVES OF NEUROLOGY 

List of 1988 reviewers for ARCHIVES OF NEUROLOGY, 17 (Ja) 

Arrhythmia 

Electrocardiographic changes during electrographic sei- 
zures [Keilson] 1169 (No) 

Importance of electrocardiogram in ambulatory electroen- 

A cephalographic recordings [Nousiainen] 1171 (No) 
rt 


Plagiarism: Babinski, art, and originality (letter) [van 
Gijn] 1047; (editorial note) [Joynt] 1046 (Oc) 

Arterial Occlusive Diseases 

Magnetic resonance imaging in moyamoya disease (letter) 
[Rolak] 14 (Ja) 

Moyamoya disease: posterior cerebral artery occlusion and 

attern-reversal visual-evoked potential [Tashima-Kur- 
ita] 550 (My) 

Wasp sting-associated occulsion of supraclinoid internal ca- 
rotid artery: implications regarding pathogenesis of 
moyamoya syndrome (letter) [Romano] 607 (Je) 

Arteriosclerosis 

Brief loss of consciousness in bilateral carotid occlusive 
disease Lianagihan] 858 (Au) 

i 


Carotid plaque disruption (letter) [Norris] (reply) [Fisher] 
605 (Je) 

Effect of radiation on carotid arteries: review article [Mur- 
ros]449 (Ap) 


Predictive value of carotid bruit for carotid atherosclerosis 
[Ingall] 418 (Ap) 

Arteriovenous Malformations 

Regional distribution of cerebral arteriovenous malforma- 
tions: interactions with sex and handedness [Barr] 410 (Ap) 

Stroke associated with cocaine nse [Klonoff] 989 (Se) 

Arteritis 

Inflammatory arteriopathies and pure motor hemiplegia 
(letter) [Del Brutto] 361 (Ap) 


Aspergillus 

Central nervous system infections in heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 

Astrocytes 

DNA synthesis in Alzheimer type II astrocytosis: question 
of astrocytic proliferation and mitosis in experimentally 
induced hepatic encephalopathy [Brumback] 845 (Au) 

Astrocytoma 

Metamorphopsia and palinopsia: association with periodic 
lateralized epileptiform discharges in patient with malig- 
nant astrocytoma [Young] 820 (Jy) 

Ataxia 

Ataxia, chorea, seizures, and dementia: pathologic features 
of newly defined familial disorder [Farmer] 774 (Jy) 

Central nervous system manifestations of Lyme disease 
[Pachner] 790 (Jy) 

Familial aplasia of cerebellar vermis: possible x-linked dom- 
inant inharitones [Fenichel] 582 (My) 

Idiopathic central diabetes insipidus followed by progres- 
sive — cerebral ataxia: report of 4 cases [Birnbaum] 
1001 (Se) 

ee infarct of tegmentum of lower lateral pons [Fisher] 

y) 

Loss of spontaneous blinking in patient with Balint’s syn- 
drome [Watson] 567 (My) 

Ataxia, Cerebellar see Cerebellar Ataxia 

Athetosis 

Hemiballism-hemichorea: clinical and pharmacologic find- 
ings in 21 nore [Dewey | 862 (Au) 

ATLV see HTLV-I 

ATLV Antigens see HTLV-I Antigens 

Atrial Natriuretic Factor see Natriuretic Peptides, Atrial 

Atri er Peptides see Natriuretic Peptides, 

tria 

Atriopeptins see Natriuretic Peptides, Atrial 

Atropine 

Motor peresis improved by sympathetic block: motor form 
of reflex sympathetic dystrophy? [Yokota] 683 (Je) 

Attention 

Divided attention, as measured by dichotic speech perfor- 
mance, in dementia of Alzheimer type [Grady] 317 (Mr) 

Relation of personality and attentional factors to cognitive 
deficits in human immunodeficiency virus-infected sub- 
tee [Kovner] 274 (Mr) 

ea attention in hemispatial neglect [Rapesak] 178 

e 

Attention Deficit Disorder with Hyperactivity 

Striatal dysfunction in attention deficit and hyperkinetic 
disorder [Lou] 48 (Ja) 

Audiometry, Electroencephalic Response see Audio- 
metry, Evoked Response 

Audiometry, Evoked Response 

Neurophysiological evidence of auditory channel anomalies 
in developmental dysphasia [Stefanatos] 871 (Au) 

Auditory Cortex 

Middle latency auditory evoked potentials in cortical le- 
sions: criteria of interhemispheric asymmetry [Ibañez] 
1325 (De) 

eo aed Evoked Potentials see Evoked Potentials, Au- 

tory 

Auscultation 

Predictive value of carotid bruit for carotid atherosclerosis 
[Ingall] 418 (Ap) 

Autism 

Reduced cerebellar hemisphere size and its relationship to 
vermal hypoplasia in autism [Murakami] 689 (Je) 

Autoantibodies 

Antineural autoantibodies in patients with paraneoplastic 
cerebellar degeneration [Tsukamoto] 1225 (No) 

Myasthenic syndrome caused by direct effect of chloroquine 
on neuromuscular junction [Robberecht] 464 (Ap) 

Autonomic Nervous System 

HLA in autonomic failure [Nee] 758 (Jy) 

Autopsy 

Alien hand syndrome: clinical and postmortem findings 
[Banks] 456 (Ap) 

Autopsy case of atypical infantile motor neuron disease with 
hyaline intraneuronal inclusions [ Yokochi] 103 (Ja) 

ar hemiparesis (letter) [Price] (reply) [Fisher] 1164 
(No 

Axons 

Growth factors for neuronal survival and process regenera- 
tion: implications in mammalian central nervous system 
[Lipton] 1241 (No) 

Hereditary motor and sensory neuropathy with optic atro- 
phy: ultrastructural and morphometric observations on 
nerve fibers, mitochondria, and dense-cored vesicles 
[Sommer] 973 (Se) 

Postpolio muscular atrophy: diagnostic utility of macroelec- 
tromyography [Lange] 502 (My) 

a anosmia: ultrastructural correlates [Jafek] 
3 

Relapsing bilateral brachial plexopathy during pregnancy: 
report of case [Redmond] 462 (Ap) 

Azathioprine 

Neurologic involvement in Behget’s syndrome: prospective 
study [Serdaroğlu] 265 (Mr) 

Azidothymidine see Zidovudine 

AZT see Zidovudine 


Babinski, Joseph Francois (1857-1932) 

Babinski’s sign in Medieval, Renaissance, and Baroque art 
[Massey] 85 (Ja) 

Neurological double entente (letter) [Youl] 1167 (No) 

Plagiarism: Babinski, art, and originality (letter) [van Gijn] 
1047; (editorial note) [Joynt] 1046 (Oc) 

Backache 

Use of methylprednisolone in epidural analgesia (letter) 
[Haynes] 1167 (No) =. 

Bacterial Infections 


Brain phosphorus magnetic resonance spectroscopy in acute 


bacterial meningitis [Matthews] 994 (Se) 


Subject Index 1373 


$ 


à a 


i 


i 


Central nervous system infectionsin heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 

Etiology and mortality of status epilepticus in children: 
recent update [Phillips] 74 (Ja) 

Balint’s Syndrome 

Loss of spontaneous blinking in patient with Balint’s syn- 
drome | Watson] 567 (My) 

Basal Ganglia 

Alien hand syndrome: clinical and postmortem findings 
[Banks | 456 (Ap) 

Magnetic resonance imaging in moyamoya disease (letter) 
[Rolak] 14 (Ja) 

Wasp sting-associated occulsion of supraclinoid internal ca- 
rotid artery: implications regarding pathogenesis of 
moyamoya syndrome (letter) [Romano] 607 (Je) 

Basal Ganglia Diseases 

Falling and postural deficits due to acute unilateral basal 
ganglia lesions [Labadie] 492 (My) 

Basement Membrane 

Post-traumatic anosmia: ultrastructural correlates [Jafek| 
300 (Mr) 

Basilar Artery 

Herald hemiparesis (letter) [Price] (reply) [Fisher] 1164 (No) 

Basilar Artery Insufficiency see Vertebrobasilar Insuffi- 
ciency 

Behavior 

Frontal lobe syndrome in patient with bilateral globus palli- 
dus lesions [Strub] 1024 (Se) 

Behcet's Syndrome 

Neurologic involvement in Behcet’s syndrome: prospective 
ady erda lu] 265 (Mr) 

Bell's Palsy see Facial Paralysis 

Benzodiazepines 

Benzodiazepine withdrawal delirium with catatonic fea- 
tures: occurrence in patients with partial seizure disor- 
ders [Hauser] 696 (Je) 

Bereavement 

Correlates of headache in population-based cohort of elderly 
[Cook] 1338 (De) 

Berry Aneursym see Cerebral Aneurysm 

Beta Rhythm see Electroencephalography 

Binswanger’s Disease 

Neuropsychological test findings in subjects with leukoar- 
aiosis [Rao] 40 (Ja) 

Biochemistry 

Coexisting dementia and depression in Parkinson’s disease 
[Sano] 1284 (De) 

Bipolar Disorder 

Permanent lithium-induced downbeating nystagmus (let- 
ter) [Rosenberg] 839 (Au) 

Bites and Stings 

Wasp sting-associated occulsion of apenas internal ca- 
rotid artery: implications regarding pathogenesis of 
moyamoya syndrome (letter) [Romano] 607 (Je) 

Blepharoptosis 

Joubert’s syndrome associated with congenital ocular fibro- 
sis and histidinemia [ Appleton] 579 (My) 

Blindness 

Diabetic neuropathy and braille ability [Bernbaum] 1179 (No) 

Incidence of pseudotumor cerebri: population studies in 
Iowa and Louisiana [Durcan] 45:875 (Au); correction, 
46:172 (Fe) 

Blinking 

Loss of spontaneous blinking in patient with Balint’s syn- 
drome [Watson] 567 (My) 

Prognostic value of electrically elicited blink reflex in neo- 
nates [Tanaka] 189 (Fe) 

Blood 

Neurosyphilis in acquired immunodeficiency syndrome 
[Katz] 895 (Au) 

Blood-Brain Barrier 

Ouabain binding in human brain: effects of Alzheimer’s dis- 
ease and aging [Harik] 951 (Se) 

Blood Flow Velocity 

Cerebral hypoperfusion followed by hyperperfusion in clas- 
sic migraine (letter) [Spierings] 605, (reply) [Andersen] 
606 (Je) 

Cognitive function and regional cerebral blood flow in par- 
tial seizures [Homan] 964 (Se) 

Computed tomography, electroencephalography, and clini- 
cal features in differential diagnosis of senile dementia: 
prospective clinicopathologie study [Ettlin] 1217 (No) 

Cortical pathophysiology and clinical neurologic abnormali- 
ties in acute cerebral ischemia: serial study with single 

hoton emission coputed tomography [Rango] 1318 (De) 

Effect of radiation on carotid arteries: review article [Mur- 
ros} 449 (Ap) 

Evidence for transhemispheric diaschisis in unilateral 
stroke [Dobkin] 1333 (De) 

Glucose uptake by gliomas after treatment: positron emission 
tomographic study [Rozental] 1302 (De) 

High-resistance Doppler flow pattern in extracranial carot- 
id dissection [Hennerici] 670 (Je) 

Magnetic resonance imaging in moyamoya disease (letter) 
[Rolak] 14 (Ja) 

Remona cerebral blood flow in classic migraine (letter) 

ijayan] 605 (Je) 
dysfunction in attention deficit and hyperkinetic 
disorder [Lou] 48 (Ja) 

Blood Platelets 

Platelet serotonin metabolism and ultrastructure in mi- 
graine [D'Andrea] 1187 (No) 

Body Weight 

Incidence of pseudotumor cerebri: population studies in 
Iowa and Louisiana [Durcan] 45:875 (Au); correction, 
46:172 (Fe) 

Bone and Bones 

McArdle’ disease aggravates nuchal and cranial muscle con- 
traction pains (letter) [Yamut] 361 (Ap) 

Pathogenesis of reflex sympathetic dystrophy (letter) 
[Ecker] 482 (My) 

BOOK REVIEWS 

Cochrane GM, ed: Management of Motor Neuron Disease, 
124 (Fe) 
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Oploo CSB: Neuromuscular Problems in Orthopaedics, 594 

(Je) 

Hirano M, Kirchner JA, Bless DM, eds: Neurolaryngology, 
594 (Je) 

ee A, ed: Epilepsy, 476 (My) Headache: Problems in 

iagnosis and Management, 476 (My) 

Klawans HL: Toscanini’s Fumble and Other Tales of Clinical 
Neurology, 476 (My) 

Milhorat TH: Cerebrospinal Fluid and Brain Edemas, 942 (Se) 

Owen JH, Donohoe CD eds: Clinical Atlas of Auditory 
Evoked Potentials, 476 (My) 

Roy FH: Ocular Differential Diagnos, ed 4, 942 (Se) 

sigs) un RP, McAllister VL: Subarachnoid Haemorrhage, 
124 (Fe) 

Yasargil MG: Microneurosurgery, vol IA, 124 (Fe) 

eee Personality Disorder see Personality Disor- 

ers 

Borrelia 

Cefotaxime vs penicillin G for acute neurologic manifesta- 
tions in Lyme borreliosis: prospective randomized study 
[Pfister] 1190 (No) 

Borrelia Infections 

Lyme Borreliosis: discovery of causative agent (letter) [La- 
voie] 125 (Fe) 

Primary lateral sclerosis (letters) [Giesser, Fredrikson] 
1166, 1168 (No) 

Botticelli, Sandro (1445-1510) 

Babinski’s sign in Medieval, Renaissance, and Baroque art 
[Massey } 85 (Ja) 

Brachial Plexus 

Perioperative nerve lesions [Dawson | 1355 (De) 

Relapsing bilateral brachial plexopathy during pregnancy: 
report of case [Redmond | 462 (Ap) 

Bradycardia 

Chronic manganese intoxication [Huang] 1104 (Oc) 

Bradykinin 

Clinical and pathological aspects of Parkinsonism in Alz- 
naa disease: role for extranigral factors? [Morris | 651 
(Je) 

Neurologic complications in long-standing nephropathic 
cystinosis [Fink] 543 (My) 

Brain 

Anterior speech region: asymmetry and weight-surface cor- 
relation [Albanese | 307 (Mr) 

Brain white-matter changes in elderly prone to falling [Mas- 
deu] 1292 (De) 

Commissural connections and symmetry of degeneration in 
Alzheimer’s disease (letter) [Demeter] 723 (Jy) 

Electrocardiographic changes during electrographic sei- 
zures [Keilson]| 1169 (No) 

Generalized cortical dysplasia manifested by diffusely thick 
cerebral cortex [Marchal] 430 (Ap) 

High-resolution magnetic resonance imaging findings in juve- 
nile-onset myotonic dystrophy (letter) [Peterson | 481 (My) 
Middle latency auditory evoked potentials in cortical le- 
sions: criteria of interhemispheric asymmetry [Ibañez] 

1325 (De) 

Neuropsychological test findings in subjects with leukoar- 
aiosis [Rao] 40 (Ja) 

Ouabain binding in human brain: effects of Alzheimer’s dis- 
ease and aging [Harik] 951 (Se) 

Prediction of language and neurologic recovery after cere- 
bral infarction with SPECT imaging using N-isopropy] 
rho (I 123) idoamphetamine [Bushnell] 665 (Je) 

Reduced cerebellar hemisphere size and its relationship to 
vermal hypoplasia in autism [Murakami] 689 (Je) 

Selective attention in hemispatial neglect [Rapesak] 178 (Fe) 

Striatal dysfunction in attention deficit and hyperkinetic disor- 
der [Lou] 48 (Ja) 

Brain Death 

Clear thinking, electroencephalography, and brain death (let- 
ter) [Ellis] 601 (Je) 

EEG activity after brain death? (letter) [Lang] 602 Je) 

Tlestr estes aga as confirmatory test for brain death 
(letter) [Belsh] 601 (Je) 

Semantic confusion surrounding ‘brain death’ (letter) 
[Shewmon| 603, (reply) [Grigg-Damberger ] 604 Je) 

Value of EEG in determining brain death (letter) [De Gior- 
gio] 602 (Je) 

Brain Diseases 

Brain phosphorus magnetic resonance spectroscopy in acute 
bacterial meningitis [Matthews] 994 (Se) 

Brain regional analysis of morphologic and cholinergic ab- 
normalities in Alzheimer’s disease [Zubenko] 634 (Je) 

Cardiogenic brain embolism: second report of Cerebral Embo- 
lism Task Force [Asinger] 727 (J y); correction, 1079 (Oe) 

Central pontine myelinolysis and rate of correction of hy- 
ponatremia [Gledhill] (reply) [Price] 359 (Ap) 

Cerebellar ataxia (letter) [Klein] 1166 (No) 

Cerebral cavernous malformations (letter) [Lee] 1273 (De) 

Cerebral disconnection in multiple sclerosis: relationship to 
atrophy of corpus callosum [Rao] 918 (Au) 

Dementia: review emphasizing pre ee correlation 
and brain-behavior relationships [Chui] 806 (Jy) 

Hereditary cerebral arteriovenous malformations (letter) 
[Gomez] 1168 (No) 

Importance of electrocardiogram in ambulatory electroen- 
cephalographic recordings [Nousiainen] 1171 (No) 

Lateralization of brain morphologic and cholinergic abnor- 
malities in Alzheimer’s disease | Moossy] 639 Je 

Listeria brain abscess in acquired immunodeficiency syn- 
drome (letter) [Harris] 250 (Mr) 

Magnetic resonance imaging in family with hereditary cere- 
bral arteriovenous malformations [Allard] 184 (Fe) 

Neurocysticercosis: short course of treatment with albenda- 
zole, [Alarcón] 1231 (No) 

Posterior cortical atrophy: new clinical entity, or Alz- 
heimer’s disease? (letter) [Feher] 843, (reply) [Benson] 
844 (Au) 

Brain Injuries 

Alien hand syndrome: clinical and postmortem findings 
[Banks | 456 (Ap) 

Fate of World War II veterans with posttraumatic seizures 
[Walker] 23 (Ja) 


MK-801 prevents hippocampal neurodegeneration in neona- 
tal hypoxic-ischemic rats [Ford] 1090 (Oe) 

Neurological outcome after out-of-hospital cardiac arrest: 
ey by cerebrospinal fluid enzyme analysis [Roine] 

3 (Jy 

Osmotie demyelination syndrome: lack of pathologic and 
radiologic imaging correlation [Clifford] 343 (Mr) 

Brain Mapping 

Clinical value of topo aphic mapping and quantified neuro- 
physiology [D v1 1133: uses and abuses of brain map- 
ping [Nuwer] 1134; brain mapping [Hachinski] 1136 (Oc) 

Brain Neoplasms 

High-incidence of primary cerebral lymphoma in tumor- 
induced central neurogenic hyperventilation [Pauzner] 
510 (My) 

Brain Stem 

Acute failure of forebrain with sparing of brain-stem func- 
tion: electroencephalographic, multimodality evoked po- 
tential, and pathologic findings [Wytrzes| 93 (Ja) 

Basilar artery occlusion (letter) [Tuhrim] 946 (Se) 

Brain-stem auditory evoked potential abnormalities with 
unilateral brain-stem lesions demonstrated by magnetic 
resonance imaging [Markand] 295 (Mr) 

Brain-stem tuberculoma: analysis of 11 patients [Talamas] 
529 (My) 

Central pontine myelinolysis and rate of correction of hy- 
ponatremia [Gledhill | (reply) [Price] 359 (Ap) 

Downbeat nystagmus associated with dolichoectasia of ver- 
tebrobasilar artery [Jacobson] 1005 (Se) 

EEG activity after brain death? (letter) [Lang] 602 (Je) 

Electroencephalogram as confirmatory test for brain death 
(letter) [Belsh] 601 (Je) 

Joubert’s syndrome associated with congenital ocular fibro- 
sis and histidinemia [Appleton] 579 (My) 

Lacunar infarct of tegmentum of lower lateral pons [Fisher] 
566 (My) 

Neurologic involvement in Behcet's syndrome: prospective 
study Teetdaro lu] 265 (Mr) 

New sign of neurofibromatosis on magnetic resonance imag- 
ing of children [Goldstein] 1222 (No) 

Prognostic value of electrically elicited blink reflex in neo- 
nates [Tanaka] 189 (Fe) 

Semantic confusion surrounding ‘brain death’ (letter) 
[Shewmon] 603, (reply) [Grigg-Damberger | 604 (Je) 

Broca Area see Frontal Lobe 

Bronchopneumonia 

Autopsy case of atypical infantile motor neuron disease with 
hyaline intraneuronal inclusions [Yokochi| 103 (Ja) 
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CALENDAR 

8 (Ja), 119 (Fe), 355 (Ap), 474 (My), 592 (Je), 716 (Jy), 837 
(Au), 941 (Se), 1043 (Oc), 1160 (No), 1267 (De) 

Canada 

Scope of neurologic practice and care in England, Canada, 
and United States: is there a better way? 210 (Fe) 

Carbamazepine 

Pimozide therapy for trigeminal neuralgia [Lechin] 960 (Se) 

Thyroid function in epileptic patients treated with carbama- 
zepine [Isojärvi] 1175 (No) 

Carbidopa 

Selegiline use to prevent progression of Parkinson's disease: 
experience in 22 de novo patients [Elizan] 1275 (De) 

Carbohydrates 

Phenytoin-induced improvement in muscle cramping and 
insulin action in 3 patients with syndrome of insulin resis- 
tance, acanthosis nigricans, and acral hypertrophy [Min- 
aker] 981 (Se) 

Carcinoma, Oat Cell 

Antineural autoantibodies in patients with paraneoplastic 
cerebellar degeneration [Tsukamoto] 1225 (No) 

Carcinoma, Reserve Cell see Carcinoma, Oat Cell 

Carcinoma, Small Cell see Carcinoma, Oat Cell 

Cardiac Arrest see Heart Arrest 

Cardiomyopathies see Myocardial Diseases 

Cardiomyopathy, Congestive 

Left ventricular thrombus and systemic emboli complicat- 
ing cardiomyopathy of Duchenne’s muscular dystrophy 
[Gaffney | 1249 (No) 

ah tas esate iti! Arrest see Heart Arrest 

Cardiovascular Diseases 

Importance of electrocardiogram in ambulatory 
a7 pai ae tec recordings [Nousiainen] 1171 

0) 


Carnitine 

Cultured cells as screen for novel treatments of Alzheimer’s 
disease [Malow] 1201 (No) 

Unusual case of carnitine palmitoy] transferase deficiency 
[Galdi] 819 (Jy) 

Carotid Arteries 

Abnormal ocular pneumoplethysmographic results in uni- 
lateral neovascular glaucoma [Shakin] 1308 (De) 

Carotid plaque disruption (letter) [Norris] (reply) [Fisher] 
605 (Je) 

Duplex ultrasound and ocular ogracnen rs bape wi 
concordance in detecting severe carotid stenosis [Cas- 
taldo] 518 (My) 

Effect of radiation on carotid arteries: review article [Mur- 
ros| 449 (Ap) 

Moyamoya disease: posterior cerebral artery occlusion and 

attern-reversal visual-evoked potential [Tashima-Kur- 
ita] 550 (My) 

Painful oculomotor nerve palsy due to dural-cavernous sinus 
shunt [Hawke] 1252 (No) 

Predictive value of carotid bruit for carotid atherosclerosis 
[Ingall] 418 (Ap) 

Carotid Artery, Internal 

Angiography in pure motor hemiparesis due to meningovas- 
cular syphilis (letter) [Rosenberg] 10 (Ja) 

Brief loss of consciousness in bilateral carotid occlusive 
disease [Yanagihara] 858 (Au) 

High-resistance Doppler flow pattern in extracranial carot- 
id dissection [Hennerici] 670 (Je) 


Subject Index 


Wasp sting-associated occulsion of supraclinoid internal ca- 
rotid artery: implications re ing Ds ama of 
moyamoya syndrome (letter) [Romano] 607 (Je) 

Catatonia 

Benzodiazepine withdrawal delirium with catatonic fea- 
tures: occurrence in patients with partial seizure disor- 
ders [Hauser] 696 (J e) 

‘Catatonia’ due to disulfiram toxicity [Fisher] 798 (Jy) 

Caudate Nucleus 

Adrenal medullary transplantation to caudate nucleus in 
Parkinson's disease: initial clinical results in 18 patients 
[Allen] 487 (My) 

Cerebral glucose metabolism in course of subacute scleros- 
ing panencephalitis [Huber] 97 (Ja) 

Focal striatal abnormalities in patient with obsessive-com- 
pulsive disorder [Weilburg] 233 (Fe) 

Cavernous Sinus 

Painful oculomotor nerve palsy due to dural-cavernous sinus 
shunt [Hawke] 1252 (No) 

Cefotaxime 

Cefotaxime vs penicillin G for acute praa manifesta- 
tions in Lyme borreliosis: prospective randomized study 
[Pfister] 1190 (No) 

T-Cell Growth Factor see Interleukin 2 

T-Cell Leukemia Virus | Antigens, Human see HTLV-I 
Antigens 

Central Nervous System 

Central nervous system infections in heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 

Central nervous system manifestations of Lyme disease 
[Pachner] 790 (Jy) 

Cerebrospinal flui ea, arr abnormalities in neuro- 
sarcoidosis [Borucki] 270 (Mr) 

High-incidence of primary cerebral lymphoma in tumor- 
waa neurogenic hyperventilation [Pauzner] 

10 (My 

High-resolution etic resonance imaging findings in juve- 
nile-onset myotonic dystrophy (letter) [Peterson] 481 ( y) 

Neuropsychological and neurological function of human im- 
munodeficiency virus seropositive asymptomatic individ- 
uals [Goethe] 129 (Fe) 

Central Nervous System Diseases 

Autopsy case of atypical infantile motor neuron disease with 
hyaline intraneuronal inclusions [ Yokochi] 103 (Ja) 

Growth factors for neuronal survival and process regenera- 
tion: implications in mammalian central nervous system 
[Lipton] 1241 (No) 

Listeria brain abscess in acquired immunodeficiency syn- 
drome (letter) [Harris] 250 (Mr) 

Neurologic ok en pr in long-standing nephropathic 
cystinosis [Fink] 543 (My 

Opsoclonus secondary to 
ter) [Delreux ] 480 (My) 

Sodium and water regulation in patient with cerebral salt 
wasting [Diringer] 928 (Au) 

Cerebellar Ataxia 

Cerebellar ataxia (letter) [Klein] 1166 (No) 

Falling and postural deficits due to acute unilateral basal 
ganglia lesions [Labadie] 492 (My) 

Idiopathic central diabetes insipidus followed b progres- 
sive stie cerebral ataxia; report of 4 cases [Birnbaum] 

1001 (Se) 

Cerebellar Diseases 

Familial apasa of cerebellar vermis: possible x-linked dom- 
inant inheritance [Fenichel] 582 (My) 

Cerebellar Dyssynergia see Cerebellar Ataxia 

Cerebellum 

Cerebellar ataxia (letter) [Klein] 1166 (No) 

New sign of neurofibromatosis on magnetic resonance imag- 
ing of children [Goldstein] 1222 (No) 

Ouabain binding in human brain: effects of Alzheimer’s dis- 
ease and aging [Harik] 951 (Se) 

Semantic confusion cep eee, | ‘brain death’ (letter) 
{Shewmon] 603, (reply) [Grigg-Damberger] 604 (Je) 

Cerebral Aneurysm 

Stroke associated with cocaine use [Klonoff] 989 (Se) 

Cerebral Angiography 

Angiography in pure motor hemiparesis due to meningovas- 
cular syphilis hetter) [Rosenberg] 10 (Ja) 

Cerebral Arteriovenous Malformations 

Cerebral cavernous malformations (letter) [Lee] 1273 (De) 

Hereditary cerebral arteriovenous malformations (letter) 
[Gomez] 1168 (No) 

Magnetic resonance imaging in family with hereditary cere- 
bral arteriovenous ormations [Allard] 184 (Fe) 

Cerebral Artery Diseases 

Moyamoya disease: posterior cerebral artery occlusion and 
pattern-reversal visual-evoked potential [Tashima-Kur- 
ita] 550 (My) 

Cerebral Cortex 

Aging and Alzheimer's disease: altered cortical serotonergic 

inding bs pave 138 (Fe) 

Commissural connections and symmetry of degeneration in 
Alzheimer's disease (letter) [Demeter | 723 (Jy) 

Electroencephalo as co atory test for brain death 
(letter) [Belsh] 601 (Je) 

Focal cerebral infarctions associated with perivascular tu- 
mor infiltrates in carcinomatous leptomeningeal metasta- 
ses [Klein] 1149 (Oe) 

Generalized cortical de op manifested by diffusely thick 
cerebral cortex [Marchal] 430 (Ap) 

Neuronal RNA in Pick’s and Alzheimer’s diseases: compari- 
son of disease-susceptible and disease-resistant cortical 
areas [Doebler] 134 (Fe) 

Ouabain binding in human brain: effects of Alzheimer’s dis- 
ease and aging [Harik] 951 (Se) 

Posterior cortical atrophy: new clinical entity, or Alz- 
Te disease? (letter) [Feher] 843, (reply) [Benson] 

(Au 

Semantic confusion surrounding ‘brain death’ (letter) 
(Shewmon] 603, (reply) [Grigg-Damberger] 604 (Je) 

Cerebral Embolism and Thrombosis 

Cardiogenic brain embolism: second report of Cerebral Embo- 
lism Force [Asinger} 727 (Jy); correction, 1079 (Oc) 
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Deep cerebral venous thrombosis: clinical, neuroradiologi- 
cal, and neuropsychological correlates [Haley] 337 (Mr) 

Cerebral Infarction ; 

Alien hand syndrome: clinical and postmortem findings 
[Banks] 456 (Ap) í , 

Dementia: review emphasizing 8 a correlation 
and brain-behavior relationships [Chui] 806 (Jy) 

Focal cerebral infarctions associated with perivascular tu- 
mor infiltrates in carcinomatous leptomeningeal metasta- 
ses [Klein] 1149 (Oc) 

Magnetic resonance imaging in moyamoya disease (letter) 
[Rolak] 14 (Ja) 

Prediction of language and neurologic recovery after cere- 
bral infarction with SPECT imaging using N-isopropyl 
rho (I 123) idoamphetamine [Bushnell] 665 (Je) 

Predominant left hemisphere metabolic dysfunction in de- 
mentia [Loewenstein] 146 (Fe) 

Cerebral Ischemia 

Dementia: review emphasizing clinicopathologic correlation 
and brain-behavior relationships [Chui] 806 (Jy) 

Warning headache in aneurysmal subarachnoid hemor- 
rhage (letter) [Fox] 839 (Au) 

Cerebral Ischemia, Transient 

Cardiogenic brain embolism: second report of Cerebral Embo- 
lism Task Force [Asinger] 727 (Jy); correction, 1079 (Oc) 

sx neuroepidemiology: III, decisions [Koprowski] 223 
(Fe 

Cerebral Palsy 

Somatosensory evoked potentials in cerebral palsy after 
partial dorsal root rhizotomy [Kundi] 524 (My) 

Cerebral Peduncle see Mesencephalion 

Cerebral Vasospasm see Cerebral Ischemia, Transient 

Cerebrospinal Fluid 

Brain phosphorus magnetic resonance s ctroscopy in acute 
bacterial meningitis [Matthews] 994 (Se) 

Brain-stem tuberculoma: analysis of 11 patients [Talamas] 
529 (My) 

Cefotaxime vs penicillin G for acute neurologic manifesta- 
tions in Lyme borreliosis: prospective randomized study 
[Pfister] 1190 (No) 

Central nervous system infections in heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 

Central nervous system manifestations of Lyme disease 
[Pachner] 790 (Jy) ` 

Central pontine myelinolysis and rate of correction of hy- 
ponatremia (letter) [Gledhill] (reply) [Price] 359 (Ap) 

Cerebrospinal fluid immunoglobulin abnormalities in neuro- 
sarcoidosis [Borucki| 270 (Mr) 

Cerebrospinal fluid immunoglobulins and multiple sclerosis: 
correspondence with magnetic resonance saging and 
visually evoked potential changes [Müller] 367 ( p) 

Characterization of HTLV-I in T-cell line established from 
patient with myelopathy [Nakamura] 35 (Ja) 

hronie inflammatory demyelinating polyradiculoneuro- 
pathy: clinical characteristics, course, and recommenda- 
tions for diagnostic criteria [Barohn] 878 (Au) 

Coexisting dementia and depression in Parkinson's disease 
[Sano] 1284 (De) 

Cryptococcal meningitis: false-negative antigen test results 
and cultures in nonimmunosuppressed patients [Berlin] 
1312 (De) 

Deterioration of Wilson's disease following start of penicilla- 
mine therapy (letter) [Pall] 359, (rep! ) [Brewer] 360 (Ap) 

Downbeat nystagmus associated with dolichoectasia of ver- 
tebrobasilar artery [Jacobson] 1005 (Se) —- 

Factors associated with hydrocephalus after subarachnoid 
nee report of Cooperative Aneurysm Study 
[Graff-Radford] 744 (Jy) 

Familial clusters in human T-cell lymphotropic virus type 1- 
associated myelopathy (letter) [Nakamura] 250 (Mr 

High-incidence of primary cerebral lymphoma in tumor- 
induced central neurogenic hyperventilation [Pauzner'] 
510 (My) 

Human immunodeficiency virus type 1 antigen in cerebro- 
spinal fluid: correlation with clinical neurologic status 
[Portegies] 261 (Mr); correction, 1174 (No) 

Lacunar syndrome due to neurocysticercosis (Barinagarre- 
menteria] 415 (Ap) 

Mononuclear cell types in cerebrospinal fluid and blood of 
patients with multiple sclerosis: emg yom by immun- 
oenzyme microassay with panel of monoclonal antibodies 
[Fredrikson] 372 (Ap) 

N cag iter er (letters) (Johnson, Toffol] 842, 843, (re- 
ply) [Scharf] 843 (Au) 

Neurocysticercosis: short course of treatment with albenda- 
zole, [Alareon| 1231 (No) 

Neurological outcome after out-of-hospital cardiac arrest: 
roo. by cerebrospinal fluid enzyme analysis [Roine] 

y 


Neuropsychological and neurological function of human im- 
munodeficiency virus seropositive asymptomatic individ- 
uals [Goethe] 129 (Fe) 

Neurosyphilis in acquired immunodeficiency syndrome 

[Katz] 895 (Au) 

Normal cerebrospinal fluid dynamics: study with intraventri- 
cular injection of 'in-DTPA in leukemia and lymphoma 
with meningeal involvement (Haaxma-Reiche] 997 (Se) 

Opsoclonus at on Pa Epstein-Barr virus infection (let- 
ter) [Delreux] 480 (My) 

Retraction (letter) [Stahl] 1046 (Oc) 

Cerebrovascular Disorders 

Aphasia therapy: more than just hand-holding (letter) 
[Richardson] (reply) [Landau] 249 (Mr) 

Aphasic victim as investigator [Wender] 91 (Ja) 

Cardiogenic brain embolism: second report of Cerebral Embo- 
lism Task Force [Asinger] 727 (Jy); correction, 1079 (Oc) 

Clinical value of a aphic mapping and quantified neuro- 
physiology [D vil 133; uses and abuses of brain map- 
ping [Nuwer] 1134; brain mapping [Hachinski] 1136 (Oc 

Cortical pathophysiology and clinical neurologic abnormali- 
ties in acute cerebral ischemia: serial study with single 
photon emission coputed tomography [Rango] 1318 (De) 

one aprosodia in strongly dextral patients [Ross] 206 
(Fe) 


Effect of radiation on carotid arteries: review article [Mur- 
ros] 449 (Ap) as : 

Evidence for transhemispheric diaschisis in unilateral 
stroke [Dobkin] 1333 (De 

Focused stroke rehabilitation programs improve outcome 
[Reding] 700; focused stroke rehabilitation pee oe 
not improve outcome [Dobkin] 701; stroke rehabilitation 
{Hachinski} 703 (Je) 

Growth factors for neuronal survival and process regenera- 
tion: implications in mammalian central nervous system 
[Lipton] 1241 (No) ‘ 

Hemianesthesia and aphasia: anatomical and behavioral 
study [Hyman] 816 (Jy) 

Hemiballism-hemichorea: clinical and pharmacologic find- 
ings in 21 patients [Dewey] 862 (Au) 

High-resistance Doppler flow pattern in extracranial earot- 
id dissection {Hennerici| 670 (Je) 

Interrater reliability of NIH stroke scale [Goldstein] 660 (Je) 

panur infarct of tegmentum of lower lateral pons [Fisher] 
566 (My) 

Neuropsychological test findings in subjects with leukoar- 
aiosis [Rao] 40 (Ja) 

Predictive value of carotid bruit for carotid atherosclerosis 
[Ingall} 418 (Ap) 

Pa Sooenaien in Alzheimer’s disease [Henderson] 
391 (Ap) 

Stroke associated with cocaine use [Klonoff} 989 (Se) 

Validity of outcome following stroke rehabilitation (letter) 
[Vanelay | 1270, (reply) [Heinemann] 1271 (De) 

Vertigo of vascular origin: clinical and electronystagmogra- 
phic features in 84 cases [Grad] 281 (Mr) 

Warning headache in aneurysmal subarachnoid hemor- 
rhage (letter) [Fox] 839 (Au) 

Cerebrum see Brain 

Charcot-Marie Disease see Muscular Atrophy, Spinal 

Chemistry, Organic 

Reduced protein kinase C immunoreactivity and altered 
aire hosphorylation in Alzheimer’s disease fibro- 

lasts [Van Huynh] 1195 (No) 

Chickens 

ecuer dystrophy in chicken (letter) [Feit | 484 (My) 


New sign of neurofibromatosis on magnetic resonance imag- 
ing of children [Goldstein] 1222 (No) 
Spinal accessory nerve in childhood hemiplegia [Marcus] 60 


a 

Child Development Disorders 

Fragile X syndrome: genètic etiology for developmental 

PS i syndrome (letter) [Grigsby] 1269 (De) 

na ' 

Cross-cultural studies of dementia: comparison of Mini- 
Mental State Examination performance in Finland and 
China [Salmon] 769 (Jy) 

Chloroquine 

Myasthenic syndrome caused by direct effect of chloroquine 
on neuromuscular junction [Robberecht ] 464 (Ap) 

Choline 

Plasma physostigmine concentrations after controlled-re- 
lease oral administration (letter) [[Thal] 13 (Ja) 

Choline Acetyltransferase 

Brain regiona eee of morphologic and cholinergic ab- 
no ities in eimer’s disease [Zubenko] 634 (Je) 

Lateralization of brain morphologic and cholinergic abnor- 
malities in Alzheimer’s disease [Moossy | 639 (Je 

Chondrosarcoma 

Chronic isolated sixth nerve palsies [Galetta] 79 (Ja) 

Chordoma 

Chronic isolated sixth nerve palsies [Galetta] 79 (Ja) 

Chorea . 

Ataxia, chorea, seizures, and dementia: pathologic features 
of newly defined familial disorder [Farmer] 774 (J y) 

Hemiballism-hemichorea: clinical and pharmacologic find- 
ings in 21 patients [Dewey] 862 (Au) 

Neuropsychological deficits in choreoacanthocytosis [Meda- 
lia] 573 (My) 

Strabismus surgery for neurological illness: Stevens com- 
mission 1887-1889 [Keane] 323 (Mr) 

Chromosome Abnormalities 

Ataxia, chorea, seizures, and dementia: pathologic features 
of newly defined familial disorder [Farmer] 77 ‘on 

Cerebral cavernous malformations (letter) [Lee] 1273 (De) 

Community-based study of parental age at birth of patients 
with dementia of Alzheimer’s type [Urakami] 38 (Ja) 

Duchenne muscular dystrophy manifesting carriers [Bark- 
haus] 673 (Je) 

Familial epee of cerebellar vermis: possible x-linked dom- 
inant inheritance [Fenichel | 582 Syd 

HLA in autonomic failure [Nee] 758 (Jy) 

Magnetic resonance imaging in family with hereditary cere- 
bral arteriovenous malformations [Allard] 184 (Fe) 

Muscular dystrophy in chicken (letter) [Feit] 484 (My) 

New family with Joseph disease in Japan: homovanillic acid, 
magnetic resonance, and sleep apnea studies [Kitamura | 
425 (Ap) 

Rippling muscle disease [Ricker] 405 (Ap) 

Classification 

Dementia: review emphasizing eats ary oe correlation 
and brain-behavior relationships [Chui] 806 (Jy) 

Exacerbation rates and adherence to disease in pro- 
spectively followed-up population with multiple sclerosis: 
implications for clinical trials [Goodkin] 1107 (Oc) 

Interobserver > in diagnosis of multiple sclerosis 
[Solari] 289 (Mr) 

Migraineur or migraineuse? cheval of different color? (let- 
ter) [Appel] 839 (Au) ` 

Clinical Competence 

a of clinical nurse specialists in staging of dementia 
{[MeCulla] 1210 (No) 

ining neurologist for 21st century [Landau] 21 (Ja) 

Clinical Trials 

Dangers from methylprednisolone acetate therapy by intra- 
S injection (letter) [Wilkinson] (reply) [Nelson] 721 (Jy) 

DATATOP; multicenter controlled clinical trial in early Par- 
kinson’s disease [Parkinson Study Group] 1052 (Oc) 


Subject Index 1375 


a tt ete F 


Exacerbation rates and adherence to disease type in pro- 
spectively followed-up population with multiple sclerosis: 
implications for clinical trials [Goodkin] 1107 (Oc) 

Trials of clinical trials [McKhann] 611 (Je) 

Clonazepam 

Hemiballism-hemichorea: clinical and pharmacologic find- 
ings in 21 patients [Dewey] 862 (Au) 

Clonidine 

Altered norepinephrine metabolism in Shapiro's syndrome 
{Sanfield | 53 (Ja) í 

Clonidine treatment of Alzheimer’s disease [Mohr ] 376 (Ap) 

Clot Retraction 

Carotid plaque disruption (letter) [Norris] (reply) [Fisher] 
605 (Je) 


Cocaine 

Stroke associated with cocaine use [Klonoff] 989 (Se) 

Cognition 

Clonidine treatment of Alzheimer’s disease [Mohr] 376 (Ap) 

Long-term follow-up of biochemical and cognitive function- 
ingin pres with mannosidosis [Noll] 507 Gay) 

Medial thalamus and memory (letter) [Mori] 482, (reply) 
[Graff-Radford] 483 (My) 

Cognition Disorders 

Accuracy of self-reported disability in patients with Parkin- 
sonism [Brown] 955 (Se) 

Adrenal medullary transplantation to caudate nucleus in 
Parkinson’ disease: initial clinical results in 18 patients 
{Allen} 487 (My) 

np feegnaentee in dementia of Alzheimer type [Crino] 

p 

Clinical and pathological aspects of Parkinsonism in Alz- 
me disease: role for extranigral factors? [Morris] 651 
(Je) 

Cognitive disturbances in patients with relapsing remitting 
multiple sclerosis [Beatty] 1113 (Oc) 

Cognitive function and regional cerebral blood flow in par- 
tial seizures [Homan] 964 (Se) 

Cognitive loss in multiple sclerosis: case reports and review 
of literature [Franklin ] 162 (Fe) 

Comparison of dementia in Alzheimer’s disease and multiple 
sclerosis [Filley | 157 (Fe) 

Differentiation of Alzheimer’s disease and Huntington's dis- 
ease with dementia rating scale [Salmon] 1204 (No) 

Magnetic resonance imaging and clinical correlates of intellec- 
tual impairment in myotonic dystrophy [Huber | 536 (My) 

Metamorphopsia and palinopsia: association with periodic 
lateralized epileptiform discharges in patient with malig- 
nant astrocytoma [ Young] 820 Gh y) 

Aay wychological deficits in choreoacanthocytosis [Meda- 
ia (My) 

Pilot study òf haloperidol treatment of psychosis and behavior- 
al disturbance in Alzheimer's disease [Devanand] 854 (Au) 
Prolongation of P-300 latency associated with hydrogen 

sulfide exposure [Wasch ] 902 (Au) 

Relation of personality and attentional factors to cognitive 
deficits in human immunodeficiency virus-infected sub- 
jects [Kovner] 274 (Mr) 

Reliability of clinical criteria for diagnosis of dementia: lon- 
gitudinal multicenter study [Forette] 646 (Je) 

Spatial disorientation in Alzheimer’s disease [Henderson | 
391 (Ap) 

Vascular dementia and dementia of Alzheimer-type cogni- 
tion (letter) [Loeb] 839 (Au) 

Vascular dementia and dementia of Alzheimer-type cogni- 
tion (letter) [Cummings] 1046 (Oc) 

Verbal memory test with ar fremctive accuracy for de- 
mentia of Alzheimer type [Knopman] 141 (Fe) 

Very mild senile dementia of Alzheimer type: I. clinical 
assessment [Rubin] 379 (Ap) 

Cognitive Disonance 

Neurologic complications in long-standing nephropathic 

stinosis [Fink] 543 (My) 

Coloric Tests see Vestibular Function Tests 


ma 

veer cerebral venous thrombosis: clinical, neuroradiologi- 
cal, and neuropsychological correlates [Haley | 337 (Mr) 

High-inecidence of primary cerebral lymphoma in tumor- 
induced central neurogenic hyperventilation [Pauzner] 
510 (My) 

Talking to comatose patients (letter) [Dimancescu] 14 (Ja) 

Vestibular testing in comatose patients [Buettner] 561 (My) 

Consciousness 

Brief loss of consciousness in bilateral carotid occlusive 
disease [Yanagihara] 858 (Au) 

CONSENSUS IN NEUROLOGY 

Low-grade glioma: to treat or not to treat? [Cairncross] 
ey Treatment of low-grade glioma [Hachinski} 1239 
(No 

Constipation 

Anal sphincter dysfunction in Parkinson's disease [Mathers] 


1061 (Oc) 

CONTROVERSIES IN NEUROLOGY 

Clinical value of topo raphic mapping and quantified neuro- 
physiology [D vil 133; uses and abuses of brain map- 
ping [Nuwer] 1134; brain mapping [Hachinski] 1136 (Oc 

Consensus and controversy in neurologie practice: case of 
steroid treatment in multiple sclerosis [Menken] 322 (Mr) 

Focused stroke rehabilitation programs improve outcome 
[Reding] 700; focused stroke rehabilitation programs do 
not improve outcome [Dobkin] 701; stroke rehabilitation 
{Hachinski} 703 (Je) 

Convergence, Ocular see Eye Movements 

Convulsions 

Fate of World War II veterans with posttraumatic seizures 
[Walker] 23 (Ja) 

ee sulfate and eclampsia (letter) [Donaldson] 945 
(Se) 


55) sulfate in treatment of eclampsia (letter) 

[Pritchard | (letter) 947, (reply) [Hachinski] 948 (Se) 

1985 National Ambulatory Medical Care Survey of neurolo- 
gists: clinician's perspective [Menken] 1346 (De) 


Copper 
Tetetewatine of Wilson’s disease following start of penicilla- 
mine therapy (letter) [Pall] 359, (reply) (Brewer] 360 (Ap) 
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Corpus Callosum , A 

Agenesis of corpus callosum and limbic malformation in 
Apert’ syndrome (letter) [Jeret] 10 (Ja) 

Agenesis of corpus callosum and limbic malformations revis- 
ited [Cohen] (letter) 1270 (De) 

Agenesis of corpus callosum in Apert syndrome? (letter) [de 

eon| 479 (My) 

Alien hand syndrome: clinical and postmortem findings 
[Banks] 456 (Ap) 

Cerebral disconnection in multiple sclerosis: relationship to 
atrophy of corpus callosum [Rao] 918 (Au) 

Interhemispheric transfer in patients with incomplete sec- 
tion of corpus callosum: anatomic verification with mag- 
netic resonance imaging [Risse] 437 (Ap) 

Joubert’s syndrome associated with gh otis ocular fibro- 
sis and histidinemia [Appleton] 579 (My) 

Cortical Synchronization see Electroencephalography 

Corticoids see Adrenal Cortex Hormones 

Corticospinal Tracts see Pyramidal Tracts 

Corticosteroids see Adrenal Cortex Hormones 

Cost Benefit Analysis 

Aphasia therapy: more than just hand-holding (letter) 
[Richardson] (reply) [Landau] 249 (Mr) 

me neuroepidemiology: III. decisions [Koprowski] 223 
(Fe) 

Costs and Cost Analysis 

Differences in strategies for diagnosis and treatment of 
neurologic disease among British and American neurolo- 
gists [Hopkins] 1142 (Oc) 

Trials of clinical trials [McKhann] 611 (Je) 

Cosyntropin 

Corticotropin is superior to corticosteroids in treatment of 
MS (letter) [Poser] 946 (Se) 

Cramp see Muscle Cramp 

Cranial Nerve Diseases 

Distinguishing and improving dysarthria due to facial weak- 
ness (letter) [Starr] 125 (Fe) 

Cranial Sinuses 

Deep cerebral venous thrombosis: clinical, neuroradiologi- 
cal, and neuropsychological correlates [Haley] 337 (Mr) 

Creatine Kinase 

Duchenne muscular dystrophy manifesting carriers [Bark- 
haus] 673 (Je) 

Creatine Kinase Isoenzymes 

Neurological outcome after out-of-hospital cardiac arrest: 
Poa. by cerebrospinal fluid enzyme analysis [Roine] 

53 (Jy 

Creatine Phosphate see Phosphocreatine 

Cross-Cultural Comparison 

Cross-cultural studies of dementia: comparison of Mini- 
Mental State Examination performance in Finland and 
China [Salmon] 769 (Jy) 

Cryptococcus 

Cryptocoecal meningitis: false-negative antigen test results 
and cultures in nonimmunosuppressed patients [Berlin] 
1312 (De) 

Cyclosporins 

Human fetal dopamine neurons grafted into striatum in 2 
patients with severe Parkinson's disease: detailed ac- 
count of methodology and 6-month follow-up [Lindvall] 
615 (Je) 

Cysticercosis 

Inflammatory arteriopathies and pure motor hemiplegia 
(letter) [Del Brutto] 361 (Ap) 

Lacunar syndrome due to neurocysticercosis [Barinagarre- 
menteria] 415 (Ap) 

Neuro¢ysticercosis (letters) (Johnson, Toffol| 842, 843, (re- 
ply) [Scharf] 843 (Au) 

Neurocysticercosis: short course of treatment with albenda- 
zole, [Alarcón] 1231 (No) 

Cystinosis 

Neurologic complications in long-standing nephropathic 
cystinosis [Fink] 543 (My) 

Cysts 

Low-grade glioma: to treat or not to treat? [Cairncross] 
oy Treatment of low-grade glioma [Hachinski] 1239 
(No 

Cytology 

High-incidence of primary cerebral lymphoma in tumor- 
induced central neurogenic hyperventilation [Pauzner] 
510 (My) 

Cytomegaloviruses 

Treatable causes of meningomyeloradiculitis in individuals 
infected with human immunodeficiency virus (letter) 
[Lanska] 722, (reply) [Woolsey | 723 (Jy) 


da Fabriano, Gentile (?-1427) 
Babinski’s sign in Medieval, Renaissance, and Baroque art 
[Massey | 85 (Ja) 
Dantrolene 
Rippling muscle disease [Ricker] 405 (Ap) 
Data Collection 
Trials of clinical trials [McKhann] 611 (Je) 
Decision Making 
aU neuroepidemiology: III. decisions [Koprowski] 
(Fe 
Decussation, Pyramidal see Pyramidal Tracts 
Defecation 
Anal sphincter dysfunction in Parkinson's disease [Math- 
ers] 1061 (Oc) 
Dehydration 
Sodium and water regulation in patient with cerebral salt 
wasting [Diringer] 928 (Au) 
Delta Rhythm see Electroencephalography 
Dementia 
Ataxia, chorea, seizures, and dementia: pathologic features 
of newly defined familial disorder [Farmer] 774 (Jy) 
‘Catatonia’ due to disulfiram toxicity [Fisher] 798 (Jy) 


Coexisting dementia and depression in Parkinson’s disease 
[Sano] 1284 (De) 

Cognitive loss in multiple sclerosis: case reports and review 
of literature [Franklin] 162 (Fe) 

Community-based study of parental age at birth of patients 
with dementia of Alzheimer’s type [Urakami] 38 (Ja) 

Comparison of dementia in Alzheimer’s disease and multiple 
sclerosis [Filley | 157 (Fe) 

Cross-cultural studies of dementia: comparison of Mini- 
Mental State Examination performance in Finland and 
China [Salmon] 769 (Jy) 

Dementia: review emphasizing clinicopathologic correlation 
and brain-behavior relationships [Chui] 806 (Jy) 

Differences in strategies for diagnosis and treatment of 
neurologic disease among British and American neurolo- 

ists [Hopkins] 1142 (Oc) 

Differentiation of Alzheimer’s disease and Huntington’s dis- 
ease with dementia rating scale [Salmon] 1204 (No) 

Divided attention, as measured by dichotic speech perfor- 
mance, in dementia of Alzheimer type [Grady | 317 (Mr) 

Eye movements in acquired immunodeficiency syndrome 
(letter) [Friedman] 841 (Au) 

Human immunodeficiency virus type 1 antigen in cerebro- 
spinal fluid: correlation with clinical neurologic status 

ortegies| 261 (Mr); correction, 1174 (No) 

Lexical agraphia in Alzheimer’s disease [Rapesak! 65 (Ja) 

Multiple sclerosis: unexpected cause of senile dementia (let- 
ter) [Fox] 1269 (De) ~ 

Neurology in Shakespeare [ Fogan] 922 (Au) 

Neuropathologic correlates of leuko-araiosis [Janota] 1124 


c 

Neuropsychological deficits in choreoacanthocytosis [Meda- 
lia] 573 (My) 

Neuropsychological differences between dementias of Alz- 
heimer’s and Parkinson's disease [Huber] 1287 (De) 

Neuropsychological test findings in subjects with leukoar- 
aiosis [Rao] 40 (Ja) 

Predictors of survival in clinically diagnosed Alzheimer’s 
disease and multi-infarct dementia [Hier] 1213 (No) 

Predominant left hemisphere metabolic dysfunction in de- 
mentia [Loewenstein] 146 (Fe) 

Prospective study of Alzheimer disease in Down syndrome 
[Lai] 849 (Au) 

Reliability of clinical criteria for diagnosis of dementia: lon- 

itudinal multicenter study [Forette ] 646 Je) 

Reliability of clinical nurse specialists in staging of dementia 
{[McCulla] 1210 (No) 

Single photon emission computed tomography in Alz- 
heimer's disease (letter) [Haan] 1165, (reply) [Johnson] 
1166 (No) 

Verbal memory test with high predictive accuracy for demen- 
tia of Alzheimer type {Knopman |] 141 (Fe) 

Dementia, Presenile 

Neuronal RNA in Pick’s and Alzheimer’s diseases: compari- 
son of disease-susceptible and disease-resistant cortical 
areas [Doebler] 134 (Fe) 

Posterior cortical atrophy: new clinical entity, or Alz- 
heimer'’s disease? (letter) [Feher] 843, (reply) [Benson] 
844 (Au) 

Hemara, Primary Degenerative, Senile see Dementia, 

nile 


Dementia, Senile 
Brain gangliosides in dementia of Alzheimer type [Crino] 
398 (Ap) 


Clinical and pathological aspects of Parkinsonism in Alz- 
i RT disease: role for extranigral factors? [Morris] 651 
(Je) 

ta a tomography, electroencephalography, and clini- 
cal features in differential diagnosis of senile dementia: 
prospective clinicopathologic study [Ettlin] 1217 (No) 

et recognition of meaningful sounds in Alzheimer’s 

isease [Rapcsak] 1298 (De) 

Vascular dementia and dementia of Alzheimer-type cogni- 
tion (letter) [Cummings] 1046 (Oc) 

Vascular dementia and dementia of Alzheimer-type cogni- 
tion (letter) [Loeb] 839 (Au) 

Very mild senile dementia of Alzheimer type: I. clinical 
assessment [Rubin] 379 (Ap) 

Demyelinating Diseases ~ 

Cerebrospinal fluid immunoglobulins and multiple sclerosis: 
correspondence with magnetic resonance ing an 
visually evoked potential changes [Müller] 367 ( a 

Chronic inflammatory demyelinating polyradiculoneuro- 
pathy: clinical characteristics, course, and recommenda- 
tions for diagnostic criteria [Barohn] 878 (Au) 

Hereditary motor and sensory neuropathy with optic atro- 
phy: ultrastructural and morphometric observations on 
nerve fibers, mitochondria, and dense-cored vesicles 
[Sommer] 973 (Se) 

Osmotic demyelination syndrome: lack of pathologie and 
radiologic imaging correlation [Clifford | 343 (Mr) 

Depreny! see Phenethylamines 

pressive Disorder 

Accuracy of self-reported disability in patients with Parkin- 
sonism [Brown] 955 (Se) 

Coexisting dementia and depression in Parkinsons disease 
[Sano] 1284 (De) 

Correlates of headache in population-based cohort of elderly 
[Cook] 1338 (De) 

Fatigue in multiple sclerosis (letter) [Rosse] 841 (Au) 

er ae severity scale: application to patients with multiple 
A erosis and systemic lupus erythematosus [Krupp] 1121 
(Oc) * ; 

Relation of personality and attentional factors to cognitive 
deficits in human immunodeficiency virus-infected sub- 
jects [Kovner] 274 (Mr) 

Desipramine 

Paradoxical kinesia in Parkinsonism is not caused by dopa- 
mine release: studies in animal mode! [Keefe] 1070 (Oc) 

Dexamethasone 

Glucose uptake by gliomas after treatment: positron emis- 
sion tomographic study [Rozental] 1302 (De) 

Diabetes Insipidus 

Idiopathic central diabetes insipidus f 
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Osmotic demyelination syndrome: lack of pathologic and 


radiologic imaging correlation [Clifford|343(Mr) _ 
Predictors of survival in clinically diagnosed Alzheimer's 
disease and multi-infarct dementia [Hier] 1213 (No) 
Sympathetic sudomotor function in diabetic neuropathy 
[Kennedy] 1182 (No) 
Diabetic Neuropathies Š 
Diabetic neuropathy and braille ability [Bernbaum] 1179 
(No) 
Sympathetic sudomotor function in diabetic neuropathy 
anmedyi 1182 (No) 
c Retinopathy 
Diabetic neuropathy and braille ability [Bernbaum] 1179 
(No) 


Diagnosis aT, 

Abnormal ocular pneumoplethysmographic results in uni- 
lateral neovascular glaucoma [Shakin] 1308 (De) 

Central nervous system infections in heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 

Chronic inflammatory demyelinating polyradiculoneuro- 
pathy: clinical characteristics, course, and recommenda- 
tions for diagnostic criteria [Barohn] 878 (Au) 

Pace neuroepidemiology: III, decisions [Koprowski] 223 
(Fe) 

Epidemiologic aspects of epilepsy (letter) [Tanki] 479 (My) 

Extensor toe reflex (letter) (Tarlau | 1047 (Oc) 

Interobserver agreement in diagnosis of multiple sclerosis 
[Solari] 289 (Mr) 

Lhermitte’s sign: from observation to eponym [Gutrecht] 


587 (My) 

ie Listed sclerosis (letter) [Bender | 946 (Se) 

Reliability of clinical criteria for diagnosis of dementia: lon- 
gitudinal multicenter study [Forette] 646 (Je) 

Seasonal variation of multiple sclerosis exacerbations in 
North Dakota [Goodkin] 1015 (Se) 

Verbal memory test with a asa accuracy for de- 
mentia of Alzheimer type [Knopman] 141 (Fe) 

Very mild dementia of Alzheimer type: II, psychometric 
test performance [Storandt] 383 (Ap) 

Diagnosis, Differential 

Computed tomography, electroencephalography, and clini- 

features in differential diagnosis of senile dementia: 

prospective clinicopathologie study [Ettlin] 1217 (No) 

First neurology book written in English (1650) by Robert 
Pemell: De Morbis Capitis [Pestronk] 215 (Fe) 

Importance of electrocardiogram in ambulatory electroen- 
eo Sa recordings [Nousiainen] 1171 (No) 

Lacunar syndrome due to neurocysticercosis [Barinagarre- 
menteria} 415 (Ap) 

Neurosyphilis in acquired immunodeficiency syndrome 
[Katz] 895 (Au) 

onus in organophosphate poisoning [Pullicino] 704 (Je) 

D erone Errors 

Duplex ultrasound and ocular pneumoplethysmogra hy 
concordance in detecting severe carotid stenosis [Cas- 
taldo} 518 (My) 

ere respiratory distress syndrome [Walker] 196 

e) 


Dialysis 

Neurologic Sle cretyer in long-standing nephropathic 
cystinosis [Fink] 543 (My) 

Dichotic Listening Tests see Hearing Tests 

Diencephalon 

Brief loss of consciousness in bilateral carotid occlusive 
disease [Yanagihara] 858 (Au) 

Deep cerebral venous thrombosis: clinical, neuroradiologi- 
cal, and neuropsychological correlates [Haley | 337 (Mr) 

Diethylenetriamine Pentaacetic Acid see DTPA 

Diploidy 

DNA synthesis in Alzheimer type II astrocytosis: question 
of astrocytic proliferation Pa pa mitosis in experimentally 

Diplopia. hepatic encephalopathy [Brumback] 845 (Au) 
plo 

Chronic isolated sixth nerve palsies [Galetta] 79 (Ja) 

Disability Evaluation 

Accuracy of self-reported disability in patients with Parkin- 
sonism [Brown] 955 (Se) 

Disulfiram 

ane, due to disulfiram toxicity [Fisher] 798 (Jy) 


Characterization of HTLV-I in T-cell line established from 
patient with myelopathy [Nakamura] 35 (Ja) 

DNA synthesis in Alzheimer type II astrocytosis: question 
of astrocytic proliferation and mitosis in experimentally 
induced hepatic encephalopathy [Brumback | 845 (Au) 

DNA synthesis in Alzheimer type II astrocytosis: question 
of astrocytic proliferation and mitosis in experimentally 
induced SA gece encephalopathy [Brumback| 845 (Au) 

Glucose uptake by gliomas after treatment: positron emis- 
sion tom apk study [Rozental] 1302 (De) 

Life before MEDLINE: myasthenia gravis, muscular dys- 
ye and myasthenic myopathy (letter) [Rowland] 

1047, (reply) [Husain] 1048 (Oc) 

Dolichol 


Downbeat nystagmus associated with dolichoectasia of ver- 
tebrobasilar artery [Jacobson] 1005 (Se) 

Dominance, Cerebral 

Prosody, socioeconomic level, and right hemisphere (letter) 
[Alvarez] 480 (My) 

L-Dopa see Le 

Dopamine 

Adrenal medullary transplantation to caudate nucleus in 
Parkinson's disease: initial clinical results in 18 patients 
[Allen] 487 (My) 

Aging and Alzheimer's disease: altered cortical serotonergic 

inding [Sparks | 138 (Fe) 

‘Catatonia’ due to disulfiram toxicity [Fisher] 798 (J y) 

Clinical and pathological aspects of Parkinsonism in Alz- 
oe disease: role for extranigral factors? [Morris] 651 

e 

Human fetal dopamine neurons grafted into striatum in 2 
patients with severe Parkinson's disease: detailed ac- 
ceo ot methodology and 6-month follow-up [Lindvall] 

e 
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Memory impairment in patients with progressive supranu- 
clear palsy [Litvan] 765 (Jy) — 

Paradoxical kinesia in Parkinsonism is not caused by dopa- 
mine release: studies in animal model [Keefe] 1070 (Oc) 

Dopamine Agonists see Dopaminergic Agents 

Dopamine Receptor Agonists see Dopaminergic Agents 

Dopaminergic Agents , 

Anal sphincter dysfunction in Parkinson's disease [Mathers | 
1061 (Oc) 

Pimozide therapy for trigeminal neuralgia [ Lechin] 960 (Se) 

Doppler Ultrsound see Ultrasonics 

Down's Syndrome 

Prospective study of Alzheimer disease in Down syndrome 
[Lai] 849 (Au) 

Drainage 

Painful oculomotor nerve palsy due to dural-cavernous sinus 

`- shunt [Hawke] 1252 (No) 

Drug Therapy 

Glucose uptake by gliomas after treat 
ment: positron emission tomographic study [Rozental] 
1302 (De) 

Low-grade glioma: to treat or not to treat? [Cairncross] 1238; 

Be a oia of low-grade glioma [Hachinski] 1239 (No) 


Normal cerebrospinal fluid dynamics: study with intraventri- 
cular injection of 'in-DTPA in leukemia and lymphoma 
with meningeal involvement [Haaxma-Reiche| 997 (Se) 

Dysarthria see Speech Disorders 

Dyslexia, Acquired 

Distributed anatomy of transcortical sensory aphasia [Alex- 
ander] 885 (Au) 

Dysphasia see Aphasia 

Dyspnea 

Unusual case of carnitine palmitoy] transferase deficiency 
[Galdi] 819 (Jy) 

Dystonia 

Hemiballism-hemichorea: clinical and pharmacologie find- 
ings in 21 patients [Dewey ] 862 (Au) 


Ear Diseases 

Neurophysiological evidence of auditory channel anomalies 
in developmental dysphasia [Stefanatos] 871 (Au) 

Echocardiography 

Cardiogenic brain embolism: second report of Cerebral Embo- 
lism Task Force ser 727 (Jy); correction, 1079 (Oc) 

Left ventricular thrombus and systemic emboli complicat- 
ing cardiomyopathy of Duchenne’s muscular dystrophy 
[Gaffney | 1249 (No) 

a and mitral valve prolapse (letter) [Herman] 1165 
(No) 


o 

Eclampsia 

Magnesium sulfate and eclampsia (letter) [Donaldson] 945 (Se) 

Magnesium sulfate and preeclampsia or eclampsia (letter) 
[Lindheimer] 1164, (reply) [Hachinski] 1165 (No) 

Magnesium sulfate in treatment of eclampsia (letter) 
[Pritchard] (letter) 947, (reply) [Hachinski] 948 (Se) 

Edema 

Deep cerebral venous thrombosis: clinical, neuroradiologi- 
eal, and neuropsychological correlates [Haley | 337 (Mr) 

Education 

Cross-cultural studies of dementia: comparison of Mini- 
Mental State Examination performance in Finland and 
China [Salmon] 769 (Jy) 

Education, Medical 

Training neurologist for 21st century [Landau] 21 (Ja) 

EEG see Electroencephalography 

Efferent Pathways 

Vertical one-and-a-half syndrome: supranuclear downgaze pa- 
ralysis with monocular elevation palsy [Deleu] 1361 (De) 

Efficiency 

Functional outeome following spinal cord injury: compari- 
son of specialized spinal cord injury center vs general 
hospital short-term care [Heinemann] 1098 (Oc) 

Electric Stimulation 

Metamorphopsia and palinopsia: association with periodic 
lateralized epileptiform discharges in patient with malig- 
nant astrocytoma [ Young] 820 (Jy) 

i banca pa i 

Duchenne muscular dystrophy manifesting carriers [Bark- 
haus] 673 (Je) 

Electrocardiographic changes during electrographic sei- 
zures [Keilson| 1169 (No) 

Importance of  electrocardiogram in ambulatory 
a ae recordings [Nousiainen] 1171 
(No 


Electrocochleography see Audiometry, Evoked Re- 
sponse 

Electroencephalography 

Acute failure of forebrain with sparing of brain-stem func- 
tion: electroencephalographic, multimodality evoked po- 
tential, and pathologic findings [Wytrzes]| 93 (Ja) 

Brief loss of consciousness in bilateral carotid occlusive 
disease [Yanagihara] 858 (Au) 

‘Catatonia’ due to disulfiram toxicity [Fisher] 798 (Jy) 

Clear thinking, electroencephalography, and brain death 
(letter) [Ellis | 601 (Je) 

Clinical value of a's aphic mapping and quantified neuro- 
physiology [Du fy} 1 133; uses and abuses of brain map- 
ping [Nuwer] 1134; brain mapping [Hachinski] 1136 (Oe) 

Computed tomography, electroencephalography, and clini- 
cal features in differential diagnosis of senile dementia: 
i oa a clinicopathologic study [Ettlin] 1217 (No) 

EEG activity after brain death? (letter) [Lang] 602 (Je) 

Electrocardiographic changes during electrographic sei- 
zures [Keilson] 1169 (No) 

Electroencephalo as confirmatory test for brain death 
(letter) [Belsh] 601 (Je) 

Electroencephalographic abnormalities in human T-cell 
lymphotropic virus-type I-associated myelopathy [Yon- 
enaga] 513 (My) 

Electrophysiological measures during acupuncture-induced 
surgical analgesia [Starr] 1010 (Se) 
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Epidemiologic aspects of epilepsy (letter) [Tanki] 479 (My) 

Esmit importance of RARA bizs abnormalities di - 
covered on cassette electroencephalographie monitoring 
[Bridgers| 1077 (Oc) , } 

Focal striatal abnormalities in patient with obsessive- com- 
pulsive disorder [Weilburg] 233 (Fe) A 
Generalized cortical es y manifested by diffusely thick 

cerebral cortex [Marchal] 430 (Ap) 

Importance of electrocardiogram in ambulatory electroen- 
cephalographic recordings [Nousiainen] 1171 (No) oe 

Metamorphopsia and palinopsia: association with periodic 
lateralized epileptiform discharges in patient with malig- 
nant astrocytoma [Young] 820 (Jy) 

Neurocysticercosis (letters) (Johnson, Toffol| 842, 843, (re- 
ply) [Scharf] 843 (Au) : 
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cystinosis [Fink] 543 (My) 

Semantic confusion surrounding ‘brain death’ (letter) 
[Shewmon] 603, (reply) [Grigg-Damberger] 604 (Je) 

Tribute to Martinus Rulandus: 16th century description of 
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Value of EEG in determining brain death (letter) [De Gior- 
gio] 602 (Je) 
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Anal poe ysfunction in Parkinson’s disease [Mathers] 
1061 (Oc) 

Duchenne museular dystrophy manifesting carriers [Bark- 
haus] 673 (Je) 

Myasthenic syndrome caused by direct effect of chloroquine 
on neuromuscular junction [Robberecht | 464 (Ap) 

Perioperative nerve lesions [Dawson | 1355 (De) 

Postpolio muscular atrophy: diagnostic utility of macroelec- 
tromyography [Lange] 502 (My) 

Primary lateral sclerosis: (letters) [Giesser, Fredrikson] 
1166, 1168 (No) 

Electronystagmography 

Vertigo of vascular origin: clinical and electronystagmogra- 
phic features in 84 cases [Grad] 281 (Mr) 
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Cerebrospinal fluid immunoglobulin abnormalities in neuro- 
sarcoidosis [Borueki] 270 (Mr) 
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1061 (Oc) 

Chronic inflammatory demyelinating polyradiculoneuro- 
pathy: clinical characteristics, course, and recommenda- 
tions for diagnostic criteria [Barohn] 878 (Au) 

Concurrence of limb girdle muscular dystrophy and myas- 
thenia previ [Husain] 101 (Ja) 

Electrophysiological measures during acupuncture-induced 
surgical analgesia [Starr] 1010 (Se) 

Evoked potentials during multiple sclerosis therapeutic tri- 
als (letter) [Nuwer] 11, (reply) [Anderson] 12 (Ja) 

MK-801 prevents hippocampal neurodegeneration in neona- 
tal hypoxic-ischemic rats [Ford] 1090 (Oc) 

Myasthenic syndrome caused by direct effect of chloroquine 
on neuromuscular junction [Robberecht] 464 (Ap) 

Postpolio muscular atrophy: ae utility of macroelec- 
oUt Aii pA [Lange] 502 (My) 

Relapsing bilateral brachial plexopathy during pregnancy: 
report of case [Redmond] 462 (Ap) 

Spanish toxic oil syndrome neuropathy in 3 patients with 
hereditary motor and sensory neuropathy type I [de Pab- 
los] 202 (Fe) 

Electroretinography 

Acute failure of forebrain with sparing of brain-stem 
function: _electroencephalographic, multimodality 
ee potential, and pathologic findings [Wytrzes| 93 
(Ja) 

Embolism 

Left ventricular thrombus and systemie emboli complicat- 
ing cardiomyopathy of Duchenne’s muscular dystrophy 
[Gaffney | 1249 (No) 

Emigration and Immigration 

Inflammatory arteriopathies and pure motor hemiplegia 
(letter) [Del Brutto] 361 (Ap) 

Emotions 

i, agers respiratory distress syndrome [Walker] 196 
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Encephalitis 

Cerebral glucose metabolism in course of subacute scleros- 
ing panencephalitis [Huber] 97 (Ja) 

Varicella zoster-associated neurologic disease without skin 
lesions [Mayo] 313 (Mr) 

Encephalitis Viruses 

Benzodiazepine withdrawal delirium with catatonic fea- 
tures: occurrence in patients with partial seizure disor- 
ders [Hauser] 696 Je 

Endarterectomy 

Brief loss of consciousness in bilateral carotid occlusive 
disease [Yanagihara] 858 (Au) 

Seug pagos isruption (letter) [Norris] (reply) [Fisher] 

(Je 


Endarteritis 

Lacunar syndrome due to neurocysticercosis [Barinagarre- 
menteria] 415 (Ap) 

Endorphins 

Electrophysiological measures during acupuncture-induced 
surgical analgesia [Starr] 1010 (Se) 

Enolase see Phosphopyruvate Hydratase 

Enolase Isoenzymes see Phosphopyruvate Hydratase 

Enolase lsozymes see Phosphopyruvate Hydratase 

Environment 

Seasonal variation of multiple sclerosis exacerbations in 
North Dakota [Goodkin] 1015 (Se) 

Enzyme Activation 

Long-term follow-up of biochemical and cognitive function- 
ing in patients with mannosidosis [Noll] 507 (My) 

Enzyme-Linked Immunosorbent Assay 

Chronic myelopathies associated with human T-lymphotro- 
pic virus type I: clinical, serologic, and immunovirologic 
study of 10 patients in France [Gout] 255 (Mr) 

Neurocysticercosis (letters) (Johnson, Toffol] 842, 843, (re- 
ply) [Scharf] 843 (Au) 
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Chronic myopathy with partial Krn of carnitine palmi- 
tyltransferase enzyme [Kieval | 575 (My) 

Lymphocyte alpha-glucosidase in late-onset glycogenosis 
type II [Kuriyama] 460 (Ap) 

Eosinophils 

Ne sticercosis (letters) [Johnson, Toffol] 842, 843, (re- 
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Autoscopic phenomena with seizures [Devinsky] 1080 (Oc) 

Causative factors for suicide attempts by overdose in epilep- 
tics [Mendez] 1065 (Oc) 

Clinical value of topographic mapping and quantified neuro- 
physiology (Duffy 1133; uses and abuses of brain map- 
ping [Nuwer] 1134; brain mapping [Hachinski| 1136 (Oc) 

Cognitive function and regional cerebral blood flow in par- 
tial seizures [Homan] 964 (Se) 

Electrocardiographic changes during electrographic sei- 
zures [Keilson| 1169 (No) 

Epidemiologic aspects of epiiepay (letter) [Tanki] 479 (My) 

Estimating importance of epileptiform abnormalities dis- 
covered on cassette electroencephalographic monitoring 
[Bridgers] 1077 (Oc) 

Generalized cortical dysplasia manifested by diffusely thick 
cerebral cortex [Marchal | 430 (Ap) 

Interhemispheric transfer in patients with incomplete sec- 
tion of corpus callosum: anatomic verification with mag- 
netic resonance imaging [Risse | 437 (Ap) 

Intracarotid amobarbital sodium procedure: false- positive 
errors during recognition memory assessment [Loring] 
285 (Mr) 

Metamorphopsia and palinopsia: association with periodic 
lateralized epileptiform discharges in patient with malig- 
nant astrocytoma [Young ] 820 (Jy) 

Neurology in Shakespeare [Fogan| 922 (Au) 

Strabismus surgery for neurological illness: Stevens com- 
mission 1887-1889 [Keane] 323 (Mr) 

Thyroid function in epileptic patients treated with carbama- 
zepine [Isojärvi] 1175 (No) 

Epilepsy, Focal 

Tribute to Martinus Rulandus: 16th century description of 
benign focal epilepsy of childhood [van Huffelen| 445 (Ap) 

Epilepsy, Partial see pllepey: Focal 

Epilepsy, Temporal Lo 
emory following intracarotid amobarbital injection con- 
tralateral to hippocampal damage [Rausch] 783 (Jy) 

Epinephrine 
otor or improved by sympathetic block: motor form 
of reflex sympathetic dystrophy? [Yokota] 683 (Je) 

Epithelium 

Post-traumatic anosmia: ultrastructural correlates (Jafek| 
300 (Mr) 

nyms 

Lhermitte’s sign: from observation to eponym [Gutrecht] 
557 (My) 

Epstein-Barr Virus 

Opsoclonus secondary to Epstein-Barr virus infection (let- 
ter) [Delreux] 480 (My) 

Equilibrium 

Brain white-matter changes in elderly prone to falling [Mas- 
deu] 1292 (De) 

Erythrocytes, Abnormal 

Neuropsychological deficits in choreoacanthocytosis [Meda- 
lia] 573 (My) 

Ethanol see Alcohol, Ethyl 

Evoked Potentials 

Acute failure of forebrain with sparing of brain-stem func- 
tion: electroencephalographic, multimodality evoked po- 
tential, and pathologic findings [Wytrzes] 93 (Ja) 

Chronic myelopathies associated with human T-lymphotro- 
pic virus type I: clinical, serologic, and immunovirologic 
study of 10 patients in France [Gout] 255 (Mr) 

Electrophysiological measures during acupuncture-induced 
surgical analgesia [Starr] 1010 (Se) 

Evoked potentials during multiple sclerosis therapeutic tri- 
als (letter) [Nuwer] 11, (reply) [Anderson | 12 (Ja) 

Primary lateral sclerosis (letters) [Giesser, Fredrikson] 
1166, 1168 (No) 

Talking to comatose patients (letter) [Dimancescu] 14 (Ja) 

Evoked Potentials, Auditory 

Brain-stem auditory evoked potential abnormalities with 
unilateral brain-stem lesions demonstrated by magnetic 
resonance imaging [Markand] 295 (Mr) 

Middle latency auditory evoked potentials in cortical le- 
sions: criteria of interhemispheric asymmetry [Ibañez] 
1325 (De) 

Evoked Potentials, Somatosensory 

Somatosensory evoked potentials in cerebral palsy after 
partial dorsal root rhizotomy [Kundi] 524 (My) 

Evoked Potentials, Visual 

Cerebrospinal fluid immunoglobulins and multiple sclerosis: 
correspondence with magnetic resonance imaging and 
visually evoked potential changes [Müller] 367 (Ap) 

Moyamoya disease: posterior cerebral artery occlusion and 

attern-reversal visual-evoked potential [Tashima-Kur- 
ita] 550 (My) 

Rational management of idiopathic intracranial hyperten- 
sion [Corbett] 1049 (Oc) 

Evoked Response, Audiometry see Audiometry, Evoked 
Response 

Extrapyramidal Tracts 

Pilot study of haloperidol treatment of psychosis and behavior- 
al disturbance in Alzheimer's disease [Devanand] 854 (Au) 

Extremities 

Agenesis of corpus callosum and limbie malformation in 
Apert’ syndrome (letter) [Jeret] 10 (Ja) 

Agenesis of corpus callosum and limbic malformations revis- 
ited [Cohen] (letter) 1270 (De) 

Concurrence of limb girdle muscular dystrophy and myas- 
thenia gravis [Husain] 101 (Ja) 
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Extensor toe reflex (letter) [Tarlau] 1047 (Oc) 

Life before MEDLINE: myasthenia gravis, muscular dys- 
trophy, and myasthenic r iar (letter) [Rowland] 
1047, (reply) [Husain] 1048 (Oc) 

New family with Joseph disease in Japan: homovanillic acid, 
ray resonance, and sleep apnea studies [Kitamura] 
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Pathogenesis of reflex sympathetic dystrophy (letter) 
[Ecker] 482 (My) 

Somatosensory evoked potentials in cerebral palsy after 
partial dorsal root rhizotomy [Kundi] 524 (My) 

Eye Diseases 

Joubert’s syndrome associated with congenital ocular fibro- 
sis and histidinemia [Appleton] 579 (My) 

Eye Movements 

Eye movements in acquired immunodeficiency syndrome 
(letter) [Friedman] 841 (Au) 

Joubert’s syndrome associated with congenital ocular fibro- 
sis and histidinemia [Appleton] 579 (My) 

Loss of spontaneous blinking in patient with Balint’s syn- 
drome [Watson | 567 (My) 

New family with Joseph disease in Japan: homovanillic acid, 
rnp resonance, and sleep apnea studies [Kitamura] 

(Ap) 

Opsoclonus in organophosphate poisoning [Pullicino] 704 (Je) 

Opsoclonus secondary to Epstein-Barr virus infection (let- 
ter) [Delreux | 480 (My) 

Vestibular testing in comatose patients [Buettner] 561 (My) 

Eyeglasses 

Correlates of headache in population-based cohort of elderly 
[Cook] 1338 (De) 

Eyelid Diseases 

Acquired contralateral oculomotor synkinesis [Guy } 1021 (Se) 
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Facial Muscles 

Distinguishing and improving dysarthria due to facial weak- 
ness (letter) [Starr] 125 (Fe) 

Facial Pain 

Pimozide bral for trigeminal neuralgia [Lechin] 960 (Se) 

Facial Paralysis 

Varicella zoster-associated neurologic disease without skin 
lesions [Mayo] 313 (Mr) 

Vertical one-and-a-half syndrome: supranuclear downgaze pa- 
ralysis with monocular elevation palsy [Deleu] 1361 (De) 

Falls, Accidental see Accidents 

False Negative Reactions 

Cryptococcal meningitis: false-negative antigen test results 
and cultures in nonimmunosuppressed patients [Berlin] 
1312 (De) 

Family Practice 

Differences in strategies for diagnosis and treatment of 
neurologic disease among British and American neurolo- 
gists [Hopkins] 1142 (Oc) 

1985 National Ambulatory Medical Care Survey of neurolo- 

ists: clinician's perspective [Menken] 1346 (De) 

Fatigue 

Amantadine treatment of fatigue associated with multiple 
sclerosis [Cohen | 676 (Je) 

Autoseopic phenomena with seizures [Devinsky ] 1080 (Oc) 

Fatigue in multiple sclerosis (letter) [Rosse] 841 (Au) 

Fatigue severity scale: application to patients with ae 
a erosis and systemic lupus erythematosus [Krupp] 1121 
(Oe) 

Fecal Incontinence 

Incontinence associated with bilateral lesions of putamen 
[Klutzow] 168 (Fe) 

Fetus 

Human fetal dopamine neurons grafted into striatum in 2 
patients with severe Parkinson's disease: detailed ac- 
count of methodology and 6-month follow-up [Lindvall] 
615 (Je) 

Fever 

Etiology and mortality of status epilepticus in children: 
recent update [Phillips] 74 (Ja) 

Fibroblasts 

Cultured cells as screen for novel treatments of Alzheimer’s 
disease [Malow] 1201 (No) 

Long-term follow-up of biochemical and cognitive function- 
ing in pe with mannosidosis [Noll] 507 (My) 

Reduced protein kinase C immunoreactivity and altered 
pinen hosphorylation in Alzheimer’s disease fibro- 

lasts [Van Huynh] 1195 (No) 

Fibrosis 

Joubert’s syndrome associated with congenital ocular fibro- 
sis and histidinemia [Appleton] 579 (My) 

Finland 

Cross-cultural studies of dementia: comparison of Mini- 
Mental State examination performance in Finland and 
China [Salmon] 769 (Jy) 

Flow Cytometry 

T-cell alterations in late postpoliomyelitis [Ginsberg] 497 (My) 

Fluorescent Antibody Technic 

Chronic myelopathies associated with human T-lymphotro- 
pic virus type I: clinical, serologic, and immunovirologic 
study of 10 patients in France [Gout] 255 (Mr) 
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Cerebral glucose metabolism in course of subacute scleros- 
ing panencephalitis [Huber] 97 (Ja) 

Evidence for transhemispheric diaschisis in unilateral 
stroke [Dobkin] 1333 ( De) 

Follow-Up Studies 

Evoked potentials during multiple sclerosis therapeutic tri- 
als (letter) [Nuwer] 11, (reply) [Anderson] 12 (Ja) 

Exacerbation rates and adherence to disease ‘ype in pro- 
spectively followed-up population with multiple sclerosis: 
implications for clinical trials [Goodkin] 1107 (Oc) 

Human fetal dopamine neurons grafted into striatum in 2 
patients with severe Parkinson's disease: detailed ac- 
ani of methodology and 6-month follow-up [Lindvall] 
615 (Je) 

Long-term follow-up of biochemical and cognitive function- 


ing in patients with mannosidosis [Noll] 507 (My) 
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Safety of intrathecal steroids in multiple sclerosis (letter) 
[Rivera] (reply) [Nelson] 718 (Jy) 

Systemic interferon alfa in multiple sclerosis (letter) [Wein- 
shenker] 251, (reply) [Panitch] 252 (Mr) 

gia s X Syndrome see Sex Chromosome Abnormali- 

es 

France 

Chronic myelopathies associated with human T-lymphotro- 
pie virus type I: clinical, serologic, and immunovirologic 
study of 10 fring in France [Gout] 255 (Mr) 

Friedreich's Ataxia 

Cerebellar ataxia (letter) [Klein] 1166 (No) 

Frontal Lobe 

Cerebral glucose metabolism in Wernicke's, Broca’s, and 
conduction aphasia [Metter] 27 (Ja) 

Cognitive loss in multiple sclerosis: case reports and review 
of literature [Franklin] 162 (Fe) 

Comparison of dementia in Alzheimer’s disease and multiple 
sclerosis [Filley] 157 (Fe) 

Frontal lobe syndrome in patient with bilateral globus palli- 
dus lesions [Strub] 1024 (Se) 

New family with Joseph disease in Japan: homovanillic acid, 
ere resonance, and sleep apnea studies [Kitamura] 
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On cerebral metabolism and aphasia (letter) [Mark] 1271, 

(reply) [Metter ] 1272 (De) 
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Brain white-matter changes in elderly prone to falling [Mas- 
deu] 1292 (De) 

Lacunar infarct of tegmentum of lower lateral pons [Fisher] 
566 uy) 

Primary lateral sclerosis (letter) [Bender] 946 (Se) 

Ganglia, Dorsal 

Somatosensory evoked potentials in cerebral palsy after 
partial dorsal root rhizotomy [Kundi] 524 (My) 

Gangliosides 

Brain gangliosides in dementia of Alzheimer type [Crino] 
398 (Ap) 

Genes, Viral 

Characterization of HTLV-I in T-cell line established from 
patient with myelopathy [Nakamura] 35 (Ja) 

Genetic Counseling 

Magnetic resonance imaging in family with hereditary cere- 
bral arteriovenous malformations [Allard] 184 (Fe) 

Genetics, Biochemical 

Duchenne muscular dystrophy manifesting carriers [Bark- 
haus}673 (Je) 

Genetics, Medical 

Regional distribution of cerebral arteriovenous malforma- 
tions: interactions with sex and handedness [Barr] 410 (Ap) 

Genomes, Viral see Genes, Viral 

Gerstmann’s Syndrome 

Fragile X syndrome: genetic etiology for developmental 
Gerstmann’s syndrome (letter) [Grigsby] 1269 (De) 

Glaucoma, Neovascular 

Abnormal ocular pneumoplethysmographic results in uni- 
lateral neovascular glaueoma [Shakin] 1308 (De) 

Glioma 

Glucose uptake by gliomas after treatment: positron emis- 
sion tomographic study [Rozental] 1302 (De) 

Low-grade glioma: to treat or not to treat? [Cairncross] 
n Treatment of low-grade glioma [Hachinski] 1239 
(No) 

Sodium and water regulation in patient with cerebral salt 
wasting [Diringer] 928 (Au) 

Globus Pallidus 

Ataxia, chorea, seizures, and dementia: pathologic features 
of newly defined familial disorder [Farmer] 774 (Jy) 

Frontal lobe syndrome in patient with bilateral globus palli- 
dus lesions {Strub 1024 (Se) 

New sign of neurofibromatosis on magnetic resonance imag- 
ing of children [Goldstein] 1222 (No) 

Glucocorticoids 

Corticotropin is superior to corticosteroids in treatment of 
MS (letter) [Poser ] 946 (Se) 

Glucose 

Cerebral glucose metabolism in course of subacute scleros- 
ing Lion gatas ip 2 [Huber] 97 (Ja) 

Cerebral glucose metabolism in Wernicke's, Broca’s, and 
conduction aphasia [Metter] 27 (Ja) 

Divided attention, as measured by dichotic speech perfor- 
mance, in dementia of Alzheimer type [Grady] 317 (Mr) 
Glucose uptake by gliomas after treatment: positron emis- 

sion tomographic study [Rozental] 1302 (De) 

Glucose Tolerance Test 

Phenytoin-induced improvement in muscle cramping and 
insulin action in 3 patients with syndrome of insulin resis- 
tance, acanthosis nigricans, and acral hypertrophy [Min- 
aker] 981 (Se) 

Glutamates 

MK-801 prevents hippocampal neurodegeneration in neona- 
tal py pore tenes rats [Ford] 1090 (Oc) 

Glutamine Synthetase 

DNA synthesis in Alzheimer type II astrocytosis: question 
of astrocytic proliferation and mitosis in experimentally 
induced hepatic encephalopathy [Brumback] 845 (Au) 

Glycogenosis 

Lymphocyte alpha-glucosidase in late-onset glycogenosis 
type II [Kuriyama] 460 (Ap) 

McArdle’s disease aggravates nuchal and cranial muscle 
contraction pains (letter) [Yamut] 361 (Ap) 

Glycosidases see Glycoside Hydrolases 

Glycoside Hydrolases 

Lymphocyte alpha-glucosidase in late-onset glycogenosis 
type II [Kuriyama] 460 (Ap) 

Granuloma 

Brain-stem tuberculoma: analysis of 11 patients (Talamas] 
529 fa 
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neurologic disease among British and American neurolo- 
gists [Hopkins] 1142 (Oc) d 
First neurology book written in English (1650) by Robert 
Pemell: De Morbis Capitis [Pestronk] 215 (Fe) 
Scope of neurologic practice and care in England, Canada, 
and United States: is there a better way? 210 (Fe) 
Guam 
Toxic and pet exposures in amyotrophic lateral sclerosis 
(letter) [Norris] 945 (Se) 
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Hallucinations 

Autoscopic wpe with seizures [Devinsky] 1080 (Oc) 

Haloperido 

Haloperido! and lorazepam for treatment of nausea and 
vomiting associated with treatment of intractable mi- 
graine headaches (letter) [Backonja} 724 (Jy) 

Hemiballism-hemichorea: clinical and pharmacologie find- 
ings in 21 patients [Dewey ] 862 (Au) 

Paradoxical kinesia in Parkinsonism is not caused by dopa- 
mine release: studies in animal model [Keefe] 1070 (Oc 

Pilot study of haloperidol treatment of psychosis and behavior- 
al disturbance in Alzheimer's disease [Devanand] 854 (Au) 

Handedness see Laterality 

Head Injuries 

Neurologic eye signs following motorcycle accidents 
[Keane] 761 (Jy) 

Procedural memory during posttraumatic amnesia in survi- 
vors of severe closed head injury: implications for reha- 
bilitation [Ewert] 911 (Au) 

Headache 

Cerebral hypoperfusion followed by hyperperfusion in clas- 
a aon (letter) [Spierings] 605, (reply) [Andersen] 
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Correlates of headache in population-based cohort of elderly 
[Cook] 1338 (De) 

Differences in strategies for diagnosis and treatment of 
neurologic disease among British and American neurolo- 
gists [Hopkins] 1142 (Oc) 

Estimating importance of epileptiform abnormalities dis- 
covered on cassette electroencephalographic monitoring 
[Bridgers] 1077 (Oc) 

Haloperidol and lorazepam for treatment of nausea and 
vomiting associated with treatment of intractable mi- 
graine headaches (letter) [Backonja] 724 (Jy) 

High-resolution magnetic resonance imaging findings Pa 
ee myotonic dystrophy (letter) [Peterson] 481 
(My) 

Migraine and stripe-induced visual discomfort [Marcus] 
1129 (Oc) 

Migrainer vs migraineuse [Schiller] 1168 (No) 

Migraineur, or migraineuse? (letter) [Leys] 946 (Se) 

Neurologic involvement in Behget’s syndrome: prospective 
study [Serdaroğlu] 265 (Mr) 

1985 National Ambulatory Medical Care Survey of neurolo- 
gists: clinician’s REN [Menken] 1346 (De) 

Persistent high-altitude headache and aguesia without an- 
osmia [Kassirer] 340 (Mr) 

Platelet serotonin metabolism and ultrastructure in mi- 
graine [D'Andrea] 1187 (No) 

Regional cerebral blood flow in classic migraine (letter) 

ijayan] 605 (Je) 

Warning headache in aneurysmal subarachnoid hemor- 
rhage (letter) [Fox] 839 (Au) 

Hearing 

Talking to comatose patients (letter) [Dimancescu] 14 (Ja) 
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Cerebral disconnection in multiple sclerosis: relationship to 
atrophy of corpus callosum [Rao] 918 (Au) 

Divided attention, as measured by dichotic sa perfor- 
mance, in dementia of Alzheimer type [Grady] 317 (Mr) 


Central nervous system infections in heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 
Heart Arrest 
Acute failure of forebrain with sparing of brain-stem 
function: _electroencephalographic, multimodality 
oo potential, and pathologic findings [Wytrzes] 93 
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Heart Diseases 

Cardiac transplantation in patient with muscular dystro- 
phy and cardiomyopathy Donofrio ] 705 (Je) 

Hereditary motor and sensory neuropathy with optic atro- 
phy: ultrastructural and morphometric observations on 
nerve fibers, mitochondria, and dense-cored vesicles 
[Sommer] 973 (Se) 
portance of electrocardiogram in ambulatory electroen- 
cephalographic recordings [Nousiainen] 1171 (No) 

Neurological outcome after out-of-hospital cardiac arrest: 
Mone by cerebrospinal fluid enzyme analysis [Roine] 
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Heart Failure, Congestive 

Left ventricular thrombus and systemic emboli complicat- 
ing cardiomyopathy of Duchenne’s muscular dystrophy 
[Gaffney] 1249 (No) 

Helmets see Protective Devices 

Hemangioma 

Heredi cerebral arteriovenous malformations (letter) 
[Gomez] 1168 (No) 

Hematopoietic System 

Normal cerebrospinal, fluid dynamics: study with intraventri- 
cular injection of in-DTPA in leukemia and lymphoma 
with meningeal involvement [Haaxma-Reiche| 997 (Se) 

Hemiparesis see Hemiplegia 

Hemiplegia 

Angiography in pure motor hemiparesis due to meningovas- 
cular syphilis (letter) [Rosenberg] 10 (Ja) 

Falling and postural deficits due to acute unilateral basal 

glia lesions [Labadie] 492 (My) 

Inflammatory arteriopathies and pure motor hemiplegia 
(letter) [Del Brutto] 361 (Ap) 

Ss) accessory nerve in childhood hemiplegia [Marcus] 60 
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taldo| 518 (My) 

High-resistance Doppler flow pattern in extracranial carot- 
id dissection [Hennerici| 670 (Je) 

Hemorrhage 

Carotid plaque disruption (letter) [Norris] (reply) [Fisher] 
605 (Je) 

Frontal lobe syndrome in patient with bilateral globus palli- 
dus lesions [Strub] 1024 (Se) 

Magnetic resonance imaging in family with hereditary cere- 
bral arteriovenous malformations [Allard] 184 (Fe) 

Hemorrhage, Subarachnoid see Subarachnoid Hemor- 
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[Klutzow ] 168 (Fe) 
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Cardiac transplantation in patient with muscular dystrophy 
and cardiomyopathy [Donofrio] 705 (Je) 

Familial clusters in human T-cell lymphotropic virus type 1- 
associated myelopathy (letter) [Nakamura] 250 (Mr) 

Generalized cortical dysplasia manifested by diffusely thick 
cerebral cortex [Marchal] 430 (Ap) 

Hereditary cerebral arteriovenous malformations (letter) 
[Gomez] 1168 (No) 

Joubert’s syndrome associated with congenital ocular fibro- 
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tumor infiltrates in carcinomatous leptomeningeal me- 
tastases [Klein] 1149 (Oc) 

MK-801 prevents hippocampal neurodegeneration in neo- 
natal hypoxic-ischemic rats [Ford] 1090 (Oc) 

Predictive value of carotid bruit for carotid atherosclerosis 
[Ingall] 418 (Ap) 

Semantic confusion surrounding ‘brain death’ (letter) 
[Shewmon | 603, (reply) [Grigg-Damberger] 604 (Je) 

Vascular dementia and dementia of Alzheimer-type cogni- 
tion (letter) | Loeb] 839 (Au) 

Isoproterenol 

Cultured cells as screen for novel treatments of Alzheimer’s 
disease [Malow ] 1201 (No) 


J 


„Japan 


Familial clusters in human T-cell lymphotropic virus type 1- 
associated myelopathy (letter) [N ura] 250 (Mr) 

New family with Joseph disease in Japan: homovanillic acid, 
magnetic resonance, and sleep apnea studies [Kitamura] 
425 (Ap) 

Joints 

Correlates of headache in population-based cohort of elderly 
[Cook] 1338 (De) 

Joubert’'s Syndrome 

Joubert’s syndrome associated with congenital ocular fibro- 
sis and histidinemia [Appleton] 579 (My) 


K 


bic 

Neurologic complications in long-standing nephropathic 
cystinosis [Fink] 543 (My) 

Killer Cells 

aoe alterations in late postpoliomyelitis [Ginsberg] 497 (My) 

nee 

Tendon reflex asymmetry by voluntary mental effort in 
healthy subjects [Stam] 70 (Ja) 

Korsakoff Psychosis see Alcohol Amnestic Disorder 

Korsakoff Syndrome see Alcohol Amnestic Disorder 


L 


Lactic Acidosis see Acidosis, Lactic 

Language Disorders 

Anterior speech region: asymmetry and weight-surface cor- 
relation [Albanese | 307 (Mr) 

Aphasic victim as investigator [Wender] 91 (Ja) 

Crossed aprosodia in strongly dextral patients [Ross | 206 (Fe) 

Distributed anatomy of transcortical sensory aphasia [ Alex- 
ander | 885 (Au) 

Lexical agraphia in Alzheimer’s disease [Rapesak | 65 (Ja) 

Neurophysiological evidence of auditory channel anomalies 
in developmental dysphasia [Stefanatos | 871 (Au) 

Neuropsychological differences between dementias of Alz- 
heimer’s and Parkinson's disease [Huber] 1287 (De) 

Prosody, socioeconomic level, and right hemisphere (letter) 
[Alvarez] 480 (My) 

Language Therapy 

Aphasia therapy: more than just hand-holding (letter) 
[Richardson] (reply) [Landau] 249 (Mr) 

Laterality 

Cerebral disconnection in multiple sclerosis: relationship to 
atrophy of corpus callosum [Rao] 918 (Au) 

Crossed aprosodia in strongly dextral patients [Ross] 206 (Fe) 

Hemianesthesia and aphasia: anatomical and behavioral 
study [Hyman] 816 (Jy) 

Regional distribution of cerebral arteriovenous malforma- 
tions: interactions with sex and handedness [Barr] 410 (Ap) 

Learning Disorders 

Fragile X syndrome: genetic etiology for developmental 
Gerstmann’s syndrome (letter) [Grigsby] 1269 (De) 

Length of Stay 

Functional outcome following spinal cord injury: compari- 
son of specialized spinal cord injury center vs general 
hospital short-term care [Heinemann] 1098 (Oc) 

Leukemia 

Listeria brain abscess in acquired immunodeficiency syn- 
drome (letter) [Harris] 250 (Mr) 

Normal cerebrospinal, fluid dynamics: study with intraventri- 
cular injection of - in-DTPA in leukemia and iym homa 
with meningeal involvement [Haaxma-Reiche ] 997 (Se) 

Leukemia-Lymphoma Virus | Antigens see HTLV-I Anti- 
gens 

Leukemia-Lymphoma Virus | 
T-Cell see HTLV-I Antigens 

Leukemia Virus I, Human T-Cell see HTLV-I 

Leukocytes 

Long-term follow-up of biochemical and cognitive function- 
ing in patients with mannosidosis [Noll] 507 (My) 

Leurocristine see Vincristine 

Levodopa 

Chronic manganese intoxication [Huang] 1104 (Oc) 

DATATOP: multicenter controlled clinical trial in early Par- 
kinson’s disease [Parkinson Study Group] 1052 (Oc) 

New family with Joseph disease in Japan: homovanillic acid, 
magnetic resonance, and sleep apnea studies [Kitamura] 
425 (Ap) 

Selegiline as adjunct to conventional levodopa therapy in 
Parkinson's disease: experience with this type B mono- 
amine oxidase inhibitor in 200 patients [Elizan ] 1280 (De) 

Selegiline use to prevent progression of Parkinson's disease: 
experience in 22 de novo patients [Elizan] 1275 (De) 

Lhermitte, Jean (1877-1959) 

Lhermitte’s sign: from observation to eponym [Gutrecht] 
557 (My) 

Limbs see Extremities 

Lipids 

Absorption of valproic acid suppositories in human volun- 
teers [Holmes] 906 (Au) 

Chronic myopathy with partial deficiency of carnitine palmi- 
tyltransferase enzyme [Kieval | 575 (My) 


Antigens, Human 


Lipofuscin see Pigments 

Listeria Infections 

Central nervous system infections in heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 

Listeria monocytogenes 

Listeria brain abscess in acquired immunodeficiency syn- 
drome (letter) [Harris] 250 (Mr) 

Lithium 

Downbeat nystagmus associated with dolichoectasia of ver- 
tebrobasilar artery [Jacobson] 1005 (Se) 

Permanent lithium-induced downbeating nystagmus (let- 
ter) [Rosenberg] 839 (Au) 

Liver 

Lymphocyte alpha-glucosidase in late-onset glycogenosis 
type II [Kuriyama] 460 (Ap) 

Longitudinal Studies 

Long-term follow-up of biochemical and cognitive function- 
ing in patients with mannosidosis [Noll] 507 (My) 

Neuropsychological test findings in subjects with leukoar- 
aiosis [Rao] 40 (Ja) 

Reliability of clinical criteria for diagnosis of dementia: lon- 
gitudinal multicenter study [Forette] 646 (Je) 

Very mild senile dementia of Alzheimer type: I. clinical 
assessment [Rubin] 379 (Ap) 

Lorazepam 

Haloperidol and lorazepam for treatment of nausea and 
vomiting associated with treatment of intractable mi- 
graine headaches (letter) [Backonja| 724 (Jy) 

Louisiana 

Incidence of pseudotumor cerebri: population studies in 
Iowa and Louisiana [Durcan} 45:875 (Au); correction, 
46:172 (Fe) 

Low Back Pain see Backache 

Lumbago see Backache 

Lumbar Puncture see Spinal Puncture 

Lumbosacral Region 

Somatosensory evoked potentials in cerebral palsy after 

i partial dorsal root rhizotomy [Kundi] 524 (My) 

ung 

Central nervous system infections in heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 

Lung Neoplasms 

Primary lateral sclerosis (letters) [Giesser, Fredrikson] 
1166, 1168 (No) 

Lupus Erythematosus, Systemic 

Fatigue severity scale: application to patients with multiple 
re erosis and systemic lupus erythematosus [Krupp] 1121 
(Oc) 

Lyme Disease 

Cefotaxime vs penicillin G for acute neurologic manifesta- 
tions in Lyme borreliosis: prospective randomized study 
[Pfister] 1190 (No) 

Central nervous system manifestations of Lyme disease 
[Pachner] 790 (Jy) 

Lyme Borreliosis: discovery of causative agent (letter) [La- 
voie | 125 (Fe) 

Lymphocyte Mitogenic Factor see Interleukin 2 

Lymphocytes 

Is steroid therapy in multiple sclerosis superior to cortico- 
tropin therapy’ (letter) [Troiano] 362 (Ap) 

Lymphocyte alpha-glucosidase in late-onset glycogenosis 
type II [Kuriyama] 460 (Ap) 

Mononuclear cell types in cerebrospinal fluid and blood of 
patients with multiple sclerosis: quantitation by immun- 
oenzyme microassay with panel of monoclonal antibodies 
[Fredrikson] 372 (Ap) 

T-cell alterations in late postpoliomyelitis [Ginsberg] 497 (My) 

Lymphoma 

High-incidence of primary cerebral lymphoma in tumor- 
rere T central neurogenic hyperventilation [Pauzner] 
510 (My) 

Normal cerebrospinal, fluid d ies: study with intraventri- 
cular injection of ADIPA in leukemia and lymphoma 
with meningeal involvement [Haaxma-Reiche ] 997 (Se) 

Lysosomes 

Lymphocyte alpha-glucosidase in late-onset glycogenosis 
type II [Kuriyama] 460 (Ap) 


Magnesium Sulfate 
am sulfate and eclampsia (letter) [Donaldson] 945 
(Se) 


Magnesium sulfate and aba sgt o or eclampsia (letter) 
[Lindheimer] 1164, (reply) [Hachinski] 11654 (No) 

ar, raga sulfate in treatment of eclampsia (letter) 
[Pritchard | (letter) 947, (reply) [Hachinski] 948 (Se) 

Magnetic Resonance Imaging 

Brain white-matter changes in elderly prone to falling [Mas- 
deuj] 1292 (De) 

Brain-stem auditory evoked potential abnormalities with 
unilateral brain-stem lesions demonstrated by magnetic 
resonance imaging [Markand ] 295 (Mr) 

Brain-stem tuberculoma: analysis of 11 patients [Talamas| 
529 (My) 

Central nervous system manifestations of Lyme disease 
[Pachner] 790 (Jy) 

Cerebral cavernous malformations (letter) [Lee] 1273 (De) 

Cerebral glucose metabolism in course of subacute scleros- 
ing panencephalitis [Huber] 97 (Ja) 

Cerebrospinal fluid immunoglobulins and multiple sclerosis: 
correspondence with magnetic resonance imaging and 
visually evoked potential changes [Müller] 367 (Ap) 

Chronic myelopathies associated with human T-lymphotro- 
pic virus type I: clinical, serologic, and immunovirologic 
study of 10 patients in France [Gout] 255 (Mr) 

Evidence for transhemispheric diaschisis in unilateral 
stroke [Dobkin] 1333 (De) 

Focal striatal abnormalities in patient with obsessive- com- 
pulsive disorder [Weilburg] 233 (Fe) 

Frontal lobe syndrome in patient with bilateral globus palli- 
dus lesions [Strub] 1024 (Se) 

Generalized cortical dysplasia manifested by diffusely thick 
cerebral cortex [Marchal | 430 (Ap) 


Subject Index 


Terr =N >F = 


Hemianesthesia and aphasia: anatomical and behavioral 
study [Hyman] 816 (Jy) 
eredi cerebral arteriovenous malformations (letter) 
[Gomez] 1168 (No) 
High-resolution magnetic resonance imaging findings in juve- 
nile-onset myotonic dystrophy (letter) [Peterson] 481 (My) 
Interhemispheric transfer in patients with incomplete sec- 
tion of corpus callosum: anatomic verification with mag- 
netic resonance imaging [Risse] 437 (Ap) 

Lacunar syndrome due to neurocysticercosis [Barinagarre- 
menteria} 415 (Ap) 
Magnetic resonance imaging and clinical correlates of intellec- 
tual impairment in myotonic dystrophy [Huber] 536 (My) 
Magnetic resonance imaging in family with hereditary cere- 
bral arteriovenous malformations [ Allard] 184 (Fe) 

Magnetic resonance imaging in moyamoya disease (letter) 
[Rolak] 14 (Ja) 

oo weal correlates of leuko-araiosis [Janota] 1124 
(Oc) 

Neurops ee test findings in subjects with leukoar- 
aiosis [Rao] 40 (Ja) 

New family with Joseph disease in Japan: homovanillic acid, 
on eee resonance, and sleep apnea studies [Kitamura] 

(Ap) 

New si kof neurofibromatosis on magnetic resonance imag- 
ing of children [Goldstein] 1222 (No 

Osmotic demyelination syndrome: lack of pathologie and 
radiologic imaging correlation [Clifford | 343 (Mr) 

Pontine myelinolysis and delayed encephalopathy following 
rapid correction oacute hyponatremia [Weissman] 926 


(Au 

Reduced cerebellar hemisphere size and its relationship to 
vermal hypoplasia in autism [Murakami] 689 (Je) 

Magnetic Resonance see Nuclear Magnetic Resonance 

Magnetic Resonance Imaging see Nuclear Magnetic 
Resonance 

Magnetic Resonance Spectroscopy see Nuclear Mag- 
netic Resonance 

Malpractice 
ifferences in strategies for diagnosis and treatment of 
neurologic disease among British and American neurolo- 
gists [Hopkins] 1142 (Oc) 

Manganese 

prone manganese intoxication [Huang] 1104 (Oc) 


Glucose uptake by gliomas after treatment: positron emis- 
sion tomographic study [Rozental] 1302 (De) 

Mannosidosis 

Long-term follow-up of biochemical and cognitive function- 
ing in patients with mannosidosis [Noll] 507 (My) 

Mass Screening 

Verbal memory test with high predictive accuracy for de- 
mentia of Alzheimer type [Knopman| 141 (Fe) 

McArdle’s Disease see Ciyconsncels 

Memory 

Verbal memory test with high predictive accuracy for de- 
mentia of Alzheimer type [Knopman| 141 (Fe) 

Memory Disorders 

Cognitive loss in multiple sclerosis: case reports and review 
of literature [Franklin] 162 (Fe) 

Comparison of dementia in Alzheimer’s disease and multiple 
sclerosis [Filley] 157 (Fe) 

Cross-cultural studies of dementia: comparison of Mini- 
Mental State Examination performance in Finland and 
China [Salmon] 769 (Jy) 

Intracarotid amobarbital sodium procedure: false- etl 
errors during recognition memory assessment [Loring] 
285 (Mr) 

Medial thalamus and memory (letter) [Mori] 482, (reply) 
[Graff-Radford | 483 (My) 

Memory following intracarotid amobarbital injection con- 
tralateral to hippocampal damage [Rausch] 783 (Jy) 

Memory impairment in patients with progressive supranu- 
clear palsy [Litvan] 765 (Jy) 

Multiple sclerosis: unexpected cause of senile dementia (let- 
ter) [Fox] 1269 (De) 

Neuropsychological differences between dementias of Alz- 
heimer's and Parkinson's disease [Huber] 1287 (De) 

Posterior cortical atrophy: new clinical entity, or Alz- 
heimer’s disease? (letter) [Feher] 843, (reply) [Benson] 
844 (Au) 

Predominant left hemisphere metabolic dysfunction in de- 
mentia [Loewenstein] 146 (Fe) 

Procedural memory during posttraumatic amnesia in survi- 
vors of severe closed head injury: implications for reha- 
bilitation [Ewert] 911 (Au) 

Prospective study of Alzheimer disease in Down syndrome 
[Lai] 849 (Au) 

Spatial disorientation in Alzheimer’s disease [Henderson] 
391 (Ap) 

Meningioma 

Chronic isolated sixth nerve palsies [Galetta] 79 (Ja) 

Ang arad h d 
giography in pure motor hemiparesis due to meningovas- 
cular syphilis hetter) [Rosenberg] 10 (Ja) 

Brain phosphorus magnetic resonance spectroscopy in acute 
bacterial meningitis [Matthews] 994 (Se) 

Cefotaxime vs penicillin G for acute neurologic manifesta- 
tions in Lyme borreliosis: prospective randomized study 
[Pfister] 1190 (No) 

Central nervous system infections in heart and heart-lung 
transplant recipients [Hall] 173 (Fe) 

Cryptococcal meningitis: false-negative antigen test results 
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Meningoencephalitis 

Mononuclear cell types in cerebrospinal fluid and blood of 
patients with multiple sclerosis: pea by immun- 
oenzyme microassay with panel of monoclonal antibodies 
[Fredrikson] 372 (Ap) 

Mental Disorders 

Frontal lobe syndrome in patient with bilateral globus palli- 
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Cerebral glucose metabolism in course of subacute scleros- 
kig peneneee [Huber] 97 (Ja) 
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Migraine and stripe-induced visual discomfort [Marcus] 
1129 (Oc) 

Migrainer vs migraineuse [Schiller] 1168 (No) 

Migraineur or migraineuse? Cheval of different color? (let- 
ter) [Appel] 839 (Au) 
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Mitochondria 

Hereditary motor and sensory neuropathy with optic atro- 
phy: ultrastructural and morphometric observations on 
nerve fibers, mitochondria, and dense-cored vesicles 
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(Oc 

Interobserver agreement in diagnosis of multiple sclerosis 
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Perioperative nerve lesions [Dawson] 1355 (De) 

Myelitis 

Treatable causes of meningomyeloradiculitis in individuals 
infected with human immunodeficiency virus (letter) 
[Lanska] 722, (reply) [Woolsey | 723 (Jy) 

Varicella zoster-associated neurologic disease without skin 
lesions [Mayo] 313 (Mr) 

ocardial Contraction 

High-resistance Doppler flow pattern in extracranial carot- 
id dissection [Hennerici| 670 (Je) 

Myocardial Diseases 

Cardiac transplantation in patient with muscular dystrophy 
and cardiomyopathy [Donofrio] 705 (Je) 

Cardiogenic brain embolism: second report of Cerebral Em- 
ae Task Force [Asinger] 727 (Jy); correction, 1079 
(Oc) 

Myocardial Diseases, Primary see Myocardial Diseases 

Myocardial Diseases, Secondary see Myocardial Dis- 
eases 

Myocardial Infarction 

arin plaque disruption (letter) [Norris] (reply) [Fisher] 

e) 

Myocardiopathies see Myocardial Diseases 

Myoglobinuria see Rhabdomyolysis 

Myositis 
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Protirelin (thyrotropin-releasing hormone) in amyotrophic 
lateral sclerosis: role of androgens [Miller] 330 (Mr) 

Perfusion 

Value of EEG in determining brain death (letter) [De Gior- 
gio] 602 (Je) 

Periaqueductal Gray 

Brain-stem auditory evoked potential abnormalities with 
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Propranolol 
eK and mitral valve prolapse (letter) [Herman] 1165 
o 
Prostacyclins see Prostaglandins X 
Prostaglandins X 
ar oR sulfate and preeclampsia or ore cig (letter) 
[Lindheimėr] 1164, (reply) [Hachinski] 1165 (No) 
Prostate 
Pontine myelinolysis and delayed encephalopathy followin: 
rapid correction of acute hyponatremia (Weiseman} 9 
(Au) - 
Protective Devices 
Neurologic eye signs following motorcyele accidents 
[Keane] 761 (Jy) 
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Differences in strategies for diagnosis and treatment of 


Subject Index 1383 





P 


EAE PEA ce AF =. pF zu a= a ie J% OE Rd “AE Sa > ra a Oa x z on ea erty Wee Py 2 ee. 
i alk ee a ice NN ai ns Un ORC Se a Ce a OS 


neurologic disease among British and American neurolo- 
gists [Hopkins] 1142 (Oc) 
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‘The technological advantage of the Midas 
Rex instrumentation provided the capability 
to safely perform a complex spinal osteo- 
tomy in a simplistic, gentle manner with a 
tremendous saving of time. The ability to 
remove the entire fused spine in a safe and 
efficient manner with the S-1 dissecting 
tool and S footed attachment, would not 
have been possible with other types of 
instrumentation.” — T.B., M.D. 
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ville, TN 37211. Telephone: (615) 781-2200, collect. 


NEUROLOGIST — BC/BE to join established 
neurology/neurosurgery group in northern Alabama. 
Very active private practice in a growing lakeside 
community. Send CV to: R.A. Ray, MD, Semmes- 
Murphey Clinic, P.O. Box 1557, Florence, AL 
35631-1557. 


NEUROLOGIST 


With interest in sleep disorders for a full-time 
faculty position in the Department of Neurology, 
The Medical College of Pennsylvania, available 
immediately. Must be board-certified or board- 
eligible in neurology; responsibilities include 
neurology and sleep disorders, patient care and 


clinical teaching; clinical sleep disorders research 
desirable. Send CV to: 
June M. Fry, MD, PhD 
Chief, Division of Somnology 
THE MEDICAL COLLEGE OF PENNSYLVANIA 
3200 Henry Avenue, Philadelphia, PA 19129 
An affirmative action/equal opportunity employer. 


NEUROLOGIST — 50-physician, multi-specialty 
medical group in Los Angeles seeks full-time BC/BE 
neurologist. Attractive compensation and benefits. 
Starting date negotiable. Send CV to: Z. Joseph 
Wanski, MD, Medical Director, The Moore-White 
Medical Group, 266 South Harvard Boulevard, Los 
Angeles, CA 90004. 


NEUROLOGIST, BC/BE — Excellent opportunity 
to join a busy, four-physician section in a large 
multi-specialty group practice. Located in desirable 
Bluegrass region of Kentucky. Competitive salary 
and benefits. Send letter and CV to: Ms. Martha 
Riddell, Lexington Clinic, 1221 South Broadway, 
Lexington, KY 40504. 





COASTAL NORTHEAST: Outstanding 
practice with six-member progressive group. 
Practice all aspects of neurology in modern of- 
fices, fully equipped for electrodiagnostic testing. 
Located minutes from the coast in this idyllic fam- 
ily oriented community. Competitive compensa- 
tion and benefit package along with partnership, 
paid visit and relocation expenses. Contact in 
confidence: Gary J. Gorski, MDR, (800) 327-1585. 


SUBURBAN NORTHERN NEW JERSEY practice 
seeks third BC/BE neurologist to start January or 
July 1990. Group serves two 500-bed university- 
affiliated teaching hospitals with sophisticated 
neurosurgical and neuroradiological services. 30 
miles from New York City. Fellowship training 
and/or electrodiagnostic experience strongly 
desired. Reply with CV to: Box #801, c/o AON. 


HUNTINGTON, WEST VIRGINIA. Board-certified 
or -eligible pediatric neurologist wanted for full-time 
faculty appointment in the Department of Pediatrics 
at Marshall University School of Medicine. Practice 
plan opportunities, full diagnostic capabilities and 
large referral base. Contact: J. Werthammer, MD, 
1801 Sixth Avenue, Huntington, WV 25755. Tele- 
phone: (304) 696-7065. Position available until filled. 
EOE/AA. 
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Professional Opportunities 


NEUROLOGY: SOUTHWEST. Our client is a f 
for-service clinic serving 100,000. All aspects 
adult neurology including EEG/EMG. Call cov 
age, top financial package, high collection rate, Ic 
overhead, early partnership. Affluent city, growi 
economy, top schools, excellent recreation. Mail ( 
or call in confidence: Julie Sherriff, JSA, 10¢ 
Granada #203, Overland Park, KS 66211. (8 
533-0525. 


NEUROLOGIST: Excellent opportunity for a boi — 
certified/board-eligible neurologist to join two ex 
ing neurologists in a stimulating, busy private pré 
tice. Marquette General Hospital is a 306-b: 
regional referral center, with a comprehensive ne 
rophysiology department and state-of-the-art te: 
nology that includes magnetic resonance imac 
and CT scanning, and a hospital-based family p 
tice residency. Medical students from Mict’ 
State University’s College of Human Medicin 
regularly assigned to the hospital and offer a’ 
portunity for teaching. Marquette General Ho: — 
and its medical staff are committed to buildin 
center of excellence in the neurosciences and hi 
the necessary financial resources. The developm 
of these services will require the leadership < 
cooperation of physicians in the field of neurolo 
neurosurgery, psychiatry, physical medicine <é 
rehabilitation. If this special opportunity is of in 
est to you, please forward your curriculum vitae 
Daniel Mazzuchi, MD, Director of Physician Se 
ices, Marquette General Hospital, Suite 122, Wallz 
Building, 420 West Magnetic Street, Marquette, 
49855. 

































NASHVILLE, TENNESSEE 


BE/BC neurologist needed for thriving practice at 
JCAHO approved 315-bed hospital. Excellent neuro 
surgery staff with state-of-the-art diagnostic equip- 
ment. First rate financial package with reimbursed 4 
relocation and interviewing costs. Office space re- < 
served next to hospital. Phenomenal growth in com- 
munity. Contact: Jeff Hartline, 5000 Linbar Drive, 
Suite 260, Nashville, TN 37211. (800) 678-3616. 





PEDIATRIC NEUROLOGIST — Excellent opportt 
nity for BC physician to join busy neurology prac. 
tice. Associate with progressive community hosp 
tal. Broad subspecialty support, large primary car 
physician referral base. Live in semi-rural area, ju: 
35 miles from Boston's educational and cultur < 
activities. Send CV and references to: Gary Ashe 
MD, 697 Massachusetts Avenue, Lunenburg, M: 
01462. 


EXPANDING DYNAMIC neurology practice 
BC/BE neurologist to join a busy, rapidly growir 4 
group neurology practice in Virginia suburbs 
Washington, DC. Excellent opportunity for a cor 
passionate, personable, hard working person tojc ; 
our comprehensive neurodiagnostic team. Subsp % 
Cialty training, especially EEG, evoked potentia’ 
EMG, or sleep disorders preferred. Teaching ar 
faculty appointments available. Send CV to: 
Hope, Neurology Center of Fairfax, Ltd., 30 
Hamaker Court, Fairfax, VA 22031. 


A BUSY, FIFTEEN-NEUROLOGIST GROUP 4 
Minneapolis seeks an energetic neurologist witt 
strong interest in the clinical care of patients. T 
ideal candidate should have expertise in neurophy 
ology and an interest in teaching residents and me 
ical students. Participation in clinical research — 
available. The practice is located in a beautif: 
modern facility and is equipped with all diagnos `° 
tools. Position available in July, 1990. Please conta 
Craig Weflen, Administrator, Noran Neurologi 
Clinic, 910 East 26th Street, Minneapolis, MN 554 


















bs Professional Opportunities 


A BC/BE NEUROLOGIST is being sought to join an 
expanding community hospital in northwestern 
Sonnecticut. Hospital and medical staff support 
available. Please send CV and reply to: Mrs. Mary 
Schenzer, Medical Staff Secretary, P.O. Box 432, 
New Milford, CT 06776. 


Minneapolis/St. Paul 
NEUROLOGIST 


BC/BE adult neurologist for both inpatient and 

outpatient settings with expertise in EMG desired, 

| to join a group of three neurologists. The neurol- 

» . ogy department is part of a large multi-specialty 

_ group practice and staff model HMO. This prac- 

| tice of 32 years serves more than 250,000 

i members. Work in a challenging environment 

© — with excellent salary and benefits. Please send 

curriculum vitae to: Group Health, Inc., Physician 

~ Services, 2829 University Avenue Southeast, 

y Minneapolis, MN 55414. 

“HE DEPARTMENT OF NEUROLOGY at the Uni- 
sorsity of Missouri Health Sciences Center is recruit- 
ng a clinical track, board-certified adult neurologist 
~*0 work in an ambulatory care setting at the Univer- 
sity of Missouri Hospital and Clinics. The special 
“equirement of this position is that candidates be 
b aterested and competent in the delivery of neuro- 
_ gical care in an outpatient setting. Salary, fringe 
_ nefits and academic rank are negotiable. Please 
ntact: William J. Crowley, Jr., MD, Professor and 
airman, Department of Neurology, School of 


dicine, University of Missouri Hospital and Clin- 
Columbia, MO 65212. 


— IDAHO — 


` Multi-specialty group of 26 physicians needs 

~ neurologist. $80,000 plus bonus first year. Full 
* * stockholder status thereafter. Many fringe bene- 

fits and excellent outdoor recreational activities 
' in this agricultural area 20 miles from the state 
bu capital. Office adjacent to 165-bed hospital. 
_ Contact: Michael Crane, 215 East Hawaii, 
f Nampa, ID 83686. (208) 467-1121. 


















“NEUROLOGIST — Board-certified or -eligible 

eurologist with California license needed to joina 
-~ restigious Worker's Compensation clinic for patient 
evaluation and follow-up and EMG/NCS testing. For 
urther information, contact: Medical Director at 
213) 277-2929. Or send CV to: 1125 South Beverly 
Drive, #601, Los Angeles, CA 90035. 


SAN FRANCISCO — Outstanding opportunity for 
BC/BE neurologist at 260-bed primary care hospital 
the growing South of Market area. Excellent op- 
ortunity to build practice. Send CV to: Walter 
ppp, St. Luke’s Hospital, 3555 Army Street, San 
ancisco, CA 94110. (415) 641-6543. 


THIRD NEUROLOGIST 


BC/BE to join adult neurology prac- 

i tice, Nassau County, Long Island, 

New York. EMG/non-invasives. 500+ 

bed, university affiliated hospital. 
Contact: 


(516) 294-9750 


SOUTHERN COLORADO: Exceptional practice and 
area. Opportunity to work with other university 
‘rained and certified neurologist. Practice to include: 
adult neurology, complete electrodiagnostic test- 
ng, CT and MRI. This vibrant community of 150,000 
s located along the front range of the beautiful 
“3ocky Mountains providing for a life style second to 
1one. Highly competitive first year income plus 
comprehensive benefits and relocation followed by 
partnership offering. For further details reply to: 
Gerry E. Myers, 7385 Galloway Road, Miami, FL 
33173. Or call: (800) 327-1585, in Florida (305) 
3 271-9213. 


i. +>} 


dh PLEASE NOTE— Address replies to box number 
~ ads as follows: Box number, ——— , c/o AON, 


Í P.O. Box 1510, Clearwater, FL 34617. 
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Multi-specialty clinic seeks BE/ BC 


NEUROLOGIST 


This is an opportunity to establish a neurology serv- 
ice for our expanding primary care population. Our 
sub-tropical gulf coast location is in an upward 
bound economic environment. 


® Competitive guaranteed salary with 
bonus productivity plan 


èe Shareholder status available after 
18 months 


® Malpractice insurance 


® Relocation and interview expense 
included in benefits package 


Location is attractive to those who enjoy outdoor 
sports such as fishing, golfing and sailing. 


Look into joining our great team! 


Valley Diagnostic 


Medical and Surgical Clinic, PA (512) 421-5199 





Contact: 
Amanda Fuhro 


2200 Haine Drive 
Harlingen, TX 
78550 






NORTHERN CALIFORNIA 


DIRECTOR OF 
NEUROLOGY DEPARTMENT 


The Permanente Medical Group has an outstanding opportunity for a 
BO/BE Adult Neurologist to join our large teaching hospital in the San 
Francisco Bay Area. The position requires an individual who is inter- 
ested in administration as well as clinical practice. 


As a physician with The Permanente Medical Group, you will enjoy our 
substantial benefits package and highly competitive salary. Benefits 
include malpractice insurance, medical, dental and group life insur- 
ance, educational, vacation and sick leave, an excellent retirement 
program and special arrangements for physicians transferring from 
established practice. Additionally, you will become a key member of 
our rapidly expanding group which is experiencing an unprecedented 
rate of growth. 


For more information, send CV to Richmond Prescott, M.D., Physician 
Recruitment Services, Dept. PRS-5379, The Permanente Medical Group, 
Inc., 1814 Franklin, 4th Floor, Oakland, CA 94612. (415) 987-4949. 
KOE 


oo 
KAISER PERMANENTE 


Good People. Good Medicine. 





12an 


Neurologist 


BC/BE to join large 
multi-specialty 
group practice near 
Milwaukee, Wisconsin. 


Must have experience 
in EMG, EEG 
and evoked potential. 


Competitive salary and 
fringe benefits. 


Forward inquiries and 
CV to: 


Administrator 
P.O. Box 427 
Menomonee Falls 
WI 53051 


CLINICAL EPILEPSY 
TRAINING PROGRAM 


The University of Washington Regional 
Epilepsy Center is pleased to an- 
nounce the availability of post doctor- 
ate fellowships as part of its NIH/ 
NINCDS funded Clinical Epilepsy 
Training Program. The program is 
designed to provide integrated train- 
ing in the clinical and investigational 
aspects of epilepsy. Post MD or PhD 
fellowships of one to two years are 
available with preceptors in the follow- 
ing areas: basic neurophysiology, EEG 
and clinical neurophysiology, neuro- 
chemistry, or neurogenetics of epi- 
lepsy; intraoperative investigations of 
human higher functions during surgi- 
cal therapy; basic and clinical neuro- 
pharmacology of antiepileptic drugs; 
biostatistics; neuropsychology; and 
neuroimaging in epilepsy. 

Payment levels are based on expe- 
rience and follow the current NIH 


funding schedule. Inquiries concern- 
ing fellowships should be directed to: 


Beverly Goddard 
Regional Epilepsy Center ZA-50 
HARBORVIEW MEDICAL CENTER 
325 - Oth Avenue, Seattle WA 98104 


Please indicate your area of interest in 
this initial correspondence. 





Professional Opportunities 


TAMPA — NEUROLOGIST to join unique, secure 
MH outpatient clinic in bustling suburbs. BE/BC, 
able for Florida license. Full-time, solid opportunity. 
Optional inpatient. CV in confidence to: P.O. Box 
350321, Tampa, FL 33695. 


NEUROLOGIST 


BC/BE, to join two busy neurologists in Denver, 
Colorado. Practice is highly diverse. Contact: 


STANLEY H. GINSBURG, MD 


NEUROLOGICAL CONSULTANTS, P.C. 
4545 East Ninth Avenue, Suite 650 
Denver, CO 80220 
(303) 320-2946 


NEUROLOGIST, NEUROLOGICAL SURGEON — 
BC/BE to join main branch of thirty-five physician, 
multi-specialty group. Excellent clinic and hospital 
facilities. Very competitive salary and benefit pack- 
age. Excellent opportunity. Good hunting, fishing. 
Good schools, a beautiful place to raise a family. 
Call Executive Administrator collect, (701) 857- 
0236, or write: Medical Arts Clinic, P.C., P.O. Box 
1489, Minot, ND 58702-1489. 


NEUROLOGIST 


BC/BE, full- or part-time, for expanding San 
Francisco Bay area. Private practice with 
emphasis on clinical occupational neurology 
and med-legal evaluations. Expertise in EMG, 
EEG and EP desired. Excellent reputation, 





referral base, facilities and support staff. 
Unqiue income opportunity. 
Submit CV and letter stating professional 
goals, and availability to: 
PERSONNEL 
2040 POLK STREET, BOX 337 
SAN FRANCISCO, CA 94109 





Positions Wanted 


ACCREDITED clinical polysomnographer/neurol- 


Ogist seeks position in neurology and sleep dis- 
orders medicine. Experience in EEG and EMG. Box 
#802, c/o AON. 





Faculty Positions 


THE CLEMENT ZABLOCKI Veterans Administra- 
tion Center (affiliated with the Medical College of 
Wisconsin) is seeking applications for a faculty 
based position beginning August 1989. Candidates 
will require board-certification in neurology, board- 
eligibility for clinical neurophysiology, two or more 
years of a fellowship in neuromuscular disorders 
and experience in EMG (including single fiber 
studies), autonomic nervous system testing, inter- 
pretation of muscle/nerve biopsies and teased 
fibres, and pediatric and geriatric EMG studies. 
Responsibility will include clinical duties and 
research related to pediatric, adult and geriatric 
neurology. Candidates should submit curriculum 
vitae and three letters of recommendation to: 
L. Cass Terry, MD, PhD, Chairman, Department of 
Neurology, Medical College of Wisconsin, Froedtert 
Memorial Lutheran Hospital, 9200 West Wisconsin 
Avenue, Milwaukee, W! 53226. The Medical College 
of Wisconsin is an equal opportunity employer. 


FACULTY POSITIONS IN NEUROLOGY are avail- 
able at either the assistant or associate professor 
level in the Department of Neurology at the Medical 
College of Virginia. Areas of special interest are 
epilepsy, neuromuscular diseases, dementia and 
stroke. Well-qualified applicants with other areas of 
clinical expertise, however, are encouraged to apply 
and will be seriously considered. Board-eligibility in 
neurology is required, and eligibility or certification 
by ABCN is preferred for the epilepsy position. The 
Department of Neurology has ongoing research 
programs in both clinical and basic research areas 
including epilepsy, head trauma, evoked potentials, 
stroke, myasthenia gravis and related areas. Senda 
CV and the names of three references to: Dr. Robert 
J. DeLorenzo, Chairman, Department of Neurology, 
Medical College of Virginia, Box 599, MCV Station, 
Richmond, VA 23298-0599. Telephone: (804) 
786-9720. Virginia Commonwealth University is an 
equal opportunity/affirmative action employer. 
Women and minorities are encouraged to apply. 


Faculty Positions 


al RSE A BA RATES ES IE SR TE EE 
ACADEMIC NEUROLOGIST to join center for Alz 
heimer'’s disease. The department of neurolog) 
seeks neurologist with training in behavioral neu 
rology, neuroepidemiology, or dementia to joii 
active dementia program. Academic appointmenta 
University of Illinois. Contact: Daniel B. Hier, MD 
Chief, Neurology Service, Michael Reese Hospital, 
Chicago, IL 60616. 


COMPUTER APPLICATIONS in neurology. Aca- 
demic neurologist sought to head section dedicated 
to exploring computer applications including expert 
systems, decision analysis, computer modeling, | 
and neural networks. Send resume to: Daniel B. 
Hier, MD, Head, Department of Neurology, mc796,, 
University of Illinois at Chicago, Box 6998, Chicago ` 
IL 60612. UIC is an AA/EOE. 


STAFF NEUROLOGISTS: Additional staff neurolo- 

gists (BC/BE) are sought to join an expanding serv- } 
ice in Memphis VA Medical Center, an 800 plus bed, ’ 
tertiary care facility closely affiliated with the Uni- ’ 
versity of Tennessee Medical Center. Resources 
include neurology residency program, medical stu- 
dent rotations, acitve neurosurgery section and MRI 
under construction. Ample time for research and . 
academic development assured. Address inquiries/ . 
CV to: David M. Mirvis, MD, Chief of Staff, VA Medi- 
cal Center, 1030 Jefferson Avenue, Memphis, TN .- 
38104. We are an equal opportunity employer. A 


HENNEPIN COUNTY MEDICAL CENTER (affiliated ` 
with the University of Minnesota Medical School) 

seeks an adult neurologist to help develop an 

expanding ambulatory care program and an elec- 

tromyography program. The applicant should be 

BC/BE with a strong interest in teaching and elec- — 
tromyography. The clinic program includes daily , 
general neurology clinics and a variety of special 
clinics. Salary and benefits are consistent with other 
academic institutions. Interested applicants should 
send a CV, bibliography and, names of three refer- 
ences by 15 March, 1990 to: M.G. Ettinger, MD, 
Chief of Neurology, Hennepin County Medical Cen- 
ter, 701 Park Avenue South, Minneapolis, MN 55415. 
The University of Minnesota and the Hennepin 
County Medical Center are equal opportunity edu- 
cators and employers, and specifically invite and 
encourage applications from women and minorities. 


FACULTY POSITION available at the assistant. 
professor level in the Department of Neurology 
at the University of Illinois at Chicago. The depart- 
ment seeks applicants with expertise in stroke 
dementia, neuro-oncology, neuro-geriatrics, neuro: 
epidemiology, pain, or electromyography. Send let 
ter of interest and curriculum vitae to: Daniel B. Hier 
MD, Head, Department of Neurology, mc796 Un 
versity of Illinois at Chicago, Box 6998, Chicago, | 
60680. UIC is an AA/EOE. 


ACADEMIC NEUROLOGISTS are sought by th 
University of Oklahoma College of Medicine. The: 
faculty positions enjoy a balanced mixture of ac 
demic responsibilities in the teaching of medi 
students, residents, and peers, a variety of patie 
care milieus, and both bench and bed research. A 
experienced and visionary child neurologist is 
sought for the Chief of Child Neurology; we wish to 
develop additional child neurology faculty in genet- 
ics and transplantation. Adult neurologists special- 
izing in oncology, coagulation and blood flow, epi- 
lepsy surgery, and aging are highly desirable. Must 
have completed residency training in neurology, 
subspecialty fellowship in the area of expertise, and 
be board-eligible. Submit a letter elaborating your 
background and interests with your CV to: Robert ! 
M. Shuman, MD, Interim Chair, Department of | 
Neurology, University of Oklahoma College of Med- 
icine, P.O. Box 26901, Oklahoma City, OK 73190. _ 
Applications will be accepted continuously until our 
growth potential is filled. EO/AA employer. 


NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe | | 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. McIntosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 










































































































































Faculty Positions 


KE DEPARTMENT OF NEUROLOGY of Loyola 
tiversity of Chicago Stritch School of Medicine 
bites applications for a position at the assistant 
fessor level. Applicants should be board-eligible 
‘board-certified in neurology and should have 
‘bspecialty expertise in movement disorders 
d/or epilepsy. Preference will be given to candi- 
tes with interest in clinical research. Loyola Uni- 
rsity is an equal opportunity/affirmative action 
nployer. Interested applicants should send their 
rriculum vitae to: Gastone Celesia, MD, Chair- 
‘an, Department of Neurology, Loyola University 
Chicago, 2160 South First Avenue, Chicago, IL 
0153. 
ae EE ee eee Sm 
JULT NEUROLOGISTS. Tenure track positions 
ailable at Texas Tech University Health Sciences 
enter. One position is at the El Paso campus fora 
linically oriented neurologist; two positions are at 
ie Lubbock campus for clinically and/or research 
ented neurologists. The department is expanding 
esearch programs in Parkinson's and Alzheimer’s 
isease. Send CV to: Joseph B. Green, MD, Profes- 
-or and Chairman, Department of Medical and Sur- 
yical Neurology, Texas Tech University Health 
Sciences Center, Lubbock, TX 79430. 

8 Sh a es 
‘HE DEPARTMENT OF NEUROLOGY at the Uni- 
arsity of Missouri Health Sciences Center is recruit- 
lag an assistant level neurologist with a special 
-ompetence in electroencephalography and in clin- 
Isal and research aspects of epilepsy. The new 
iculty member will join a growing EEG and epi- 
psy section of a growing Department of Neurology 
at the University of Missouri in Columbia. Board- 
artification in neurology and in electroencephalo- 
sraphy and a prior fellowship in electroencephalo- 
‘raphy and/or epilepsy, and prior epilepsy research 
«re desirable. Academic rank and compensation will 
>e based upon training and experience. Please con- 
‘act: William J. Crowley, Jr., MD, Professor and 
Chairman, Department of Neurology, School of 
'tedicine, University of Missouri Hospital and Clin- 
lcs, Columbia, MO 65212. 





Fellowships 


— PILEPSY/CLINICAL NEUROPHYSIOLOGY fellow- 
yip available for one or two years in the Oregon 
‘omprehensive Epilepsy Program. Training in EEG, 
yoked potentials, and medical and surgical man- 
jement of the epilepsies is emphasized, leading to 
»ard-eligibility for ABCN. Experience in both pedi- 
“vic and adult EEG/telemetry is provided. An active 
[zure surgery program affords the fellow expo- 
te to a wide range of electrophysiological pro- 
‘dures. Recordings with sphenoidal, subdural, 
pth and grid electrodes are typically utilized. 
pportunities for clinical and basic neuroscience 
earch are available. The fellow will also partici- 
> in the teaching of neurology residents and 
ical students from Oregon Health Sciences 
ersity. The salary is a PGS level and includes the 
hal benefits. Interested candidates should send a 
rriculum vitae and two letters of recommendation 
$: Dennis B. Smith, MD, Director, Oregon Compre- 
ensive Epilepsy Program, Good Samaritan Hospi- 
al and Medical Center, N400, 1040 Northwest 22nd 
Avenue, Portland, OR 97210. 








=ELLOWSHIP IN ALZHEIMER's disease/Parkin- 
;on's disease for July 1990. One to two years clinical 
ind research training with emphasis on neuro- 
bharmacology, neuropsychology and neuroimag- 
ng. Prior research experience desirable. Contact: 
J.H. Growdon, MD, Department of Neurology, ACC 
730, Massachusetts General Hospital, Boston, MA 
02114. 





STROKE — Intensive care fellowship position: 
Available July 1, 1990, a fellowship in stroke and 
intensive care neurology for one year with option 
_ to renew. Candidates should have completed a neu- 
| rology residency and be board-eligible. The candi- 
date will participate in ongoing clinical stroke 
projects. Opportunities for experience in sleep neu- 
rology and pain management are also available. 
Interested parties contact: David C. Anderson, 
Department of Neurology, Hennepin County Medi- 
cal Center, 701 Park Avenue South, Minneapolis, 
MN 55415. (612) 347-2595. 





Fellowships 


CEREBROVASCULAR DISEASE FELLOWSHIP: 
The University of Maryland Stroke Center offers a 
one or two year fellowship. The University of Mary- 
land is a referral center for over 400 patients yearly 
with stroke and has an acute stroke unit, a longitud- 
inal follow-up clinic, and an active interface with 
neurosurgery and neurologic rehabilitation units. 
The University of Maryland is one of three centers 
nationally with seven years’ continuous participa- 
tion in the NINCDS-funded Stroke Data Bank. The 
fellow will receive training in clinical diagnosis and 
management, neurosonology (cartoid duplex and 
transcranial Doppler), and clinical research methods. 
Some areas of research interest include neuro- 
epidemiology and basic science studies of stroke 
risk factors, endothelial cell surfaces in thrombosis 
and atherogenesis, progressing stroke, stroke in the 
young, sensitivity and specificity of non-invasive 
techniques, Clinical trials, aphasia recovery, higher 
cortical function, and post-stroke depressive dis- 
orders. The fellowship carries an academic appoint- 
ment as Instructor of Neurology. Please send letters 
of inquiry and curriculum vitae to: Thomas R. Price, 
MD, Department of Neurology, 22 South Greene 
Street, Baltimore, MD 21201. 























NEUROLOGICAL REHABILITATION Fellowship. 
The Department of Neurology of the University of 
California at Los Angeles and the Center for Reha- 
bilitation at the Daniel Freeman Hospital are offering 
a one-year fellowship in neurorehabilitation. In- 
patient training of stroke, spinal cord injury, head 
trauma and pain services will take place at the 60- 
bed unit at Freeman. Outpatient work will be done at 
UCLA's Comprehensive Rehabilitation service and 
in the specialty clinics in the department. Clinical 
and basic research are encouraged in PET, phar- 
macology and computer applications. Candidate 
must be BE/BC in neurology to begin program in 
July 1990. Contact: Bruce H. Dobkin, MD, UCLA 
School of Medicine, Comprehensive Rehabilitation 
Program, Reed Neurologic Research Center, 710 
Westwood Plaza, Los Angeles, CA 90024. 
















ALSCHULER FELLOWSHIP in Clinical Neurology 
available in Department of Neurology of Michael 
Reese Hospital and Medical Center beginning July 
1, 1990. Fellowship provides training and research 
opportunities in neuroepidemiology, cerebrovascu- 
lar disease, drug trials, dementia, decision analysis, 
and expert systems under direction of Drs. Daniel 
Hier and Philip Gorelick. Send inquiries to: Dr. 
Daniel Hier, Chairman, Department of Neurology, 
Michael Reese Hospital and Medical Center, Lake 
Shore Drive at 31st Street, Chicago, IL 60616. 





Residencies 


NEUROLOGY RESIDENCY. PGY2 position avail- 
able at University of Illinois at Chicago for July 1990. 
For information contact: Daniel B. Hier, MD, Head, 
Department of Neurology, University of Illinois, 912 
South Wood, Chicago, IL 60612. Telephone: (312) 
996-6496. 








Medical Services 


AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report upon receipt of tape. 
Call: EEG Department 


DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 





Computers / Software 





CA 1000 with DC 2000 (2 floppy discs) with EMG & 
NCV. Price: $10,000 or best offer. 6 years old. Con- 
tact: Gloria Penney, 1170 East Hallandale Beach 
Boulevard, Hallandale, FL 33009. (305) 456-7133. 


Medical Publications 


RARE MEDICAL BOOKS. Catalogs available with 
good selections of neurology books. W. Dordick, 15 
Ash Avenue, Somerville, MA 02145. (617) 776-1365. 















Pain 
Fellowship 


The Pain Service in the Depart- 
ment of Neurology at Memorial 
Sloan-Kettering Cancer Center is 
seeking a board-eligible/board- 
certified neurologist for a pain fel- 
lowship. This is a one or two year 
position which offers comprehen- 
sive training in pain evaluation 
and treatment with a strong em- 
phasis on cancer pain. Fellows will 
participate in clinical investigations 
on neuro-oncologic pain syndromes 
and the pharmacology of opioid 
analgesics. Laboratory research 
opportunities directed at the 
mechanisms of opiate action and 
the molecular pharmacology of 
opiate receptors are also available. 
Please contact: 


Kathleen M. Foley, MD 
Department of Neurology 


Memorial Sloan-Kettering 
Cancer Center 


1275 York Avenue 
New York, NY 10021 
Telephone: (212) 639-7050 
FAX: (212) 717-3081 


Pediatric 
Neurologist 








Marshfield Clinic Department of Neurol- 
ogy is seeking a pediatric neurologist with 
special interest in childhood epilepsy. 
This specialist would join two pediatric 
neurologists, twelve adult neurologists, 
five neuropsychologists and three neuro- 
surgeons in a state-of-the-art practice. 
Full range of neurologic lab and support 
services including duplex scanning, trans- 
cranial doppler, Spect, MRI and CAT 
scanning and invasive neuroradiology. 
Clinical research is possible for both indi- 
vidual and multi-centered national pro- 
jects. Marshfield Clinic is a private group 
practice consisting of 325 physicians 
representing all surgical and medical 
specialties. The Clinic is physically adja- 
cent to a529-bed acute care teaching hos- 
pital. University of Wisconsin Medical 
School affiliation, a large Medical Re- 
search Foundation, plus a major secon- 
dary and tertiary level patient referral base 
contribute to a very stimulating environ- 
ment. 

Contact: 

Mr. John P. Folz 
Assistant Director 
1000 North Oak Avenue 
Marshfield, WI 54449 
Or call collect at: 
(715) 387-5181 


Marshfield Clinic 





Now, a special course for your written and oral board exams 


March 4-9, 1990 — San Francisco 


June 7-9, 1990 — October 25-27, 1990 — Washington, D.C 


OBJECTIVES: 


eè Increase basic knowledge and clinical skills in neurology 


The Osler Institute 
Neurology Boards Review Course 


Minneapolis 


e Assist neurology residents to study efficiently 
e Prepare board candidates to take board examinations 


è Provide practicing neurologists with a review and update 


"The faculty was outstanding. 


METHODS: 


e HOME STUDY MATERIALS with questions and answers 






based on previous examinations 
e SEMINAR with projection slides and syllabus 


e PRACTICE EXAMS with oral and written parts 


The most pleasant thing was leaming a tremendous amount, 


not only from world-famous authorities but from people who are relatively unknown as well."* 


Part I Course: March 4-9 — San Francisco 


BASIC SCIENCES 
Neuroanatomy 


Neuropathology 
Neurochemistry 
Neurophysiology 
Neuropharmacology 
Neurommmunology 
Neurogenetics 


CLINICAL SCIENCES 
Neuroimaging 


Neuro-otology 
Neuro-ophthalmology 
Neuroendocrinology 
Psychiatry 
Neuropharmacology 
Neuropsychological Testing 


SENSATION 
AND BEHAVIOR 
Headache and Pain 


Higher Cortical Function 
Movement Disorders 
Epilepsy 

Delirium and Confusion 
Stupor and Coma 
Dementia and Alzheimer’s 


Name 
Address 
City/State/Zip 
Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


1392 





Mail today to: 


1094 Dawn Lane, Dept. AR12 


NEUROLOGIC DISEASES I 
Infectious Diseases 


Stroke 

C.S.F. Disorders 
Tumors 

Trauma 

Spinal Cord Disorders 
Demylinative Diseases 


NEUROLOGIC DISEASES II 
Metabolic & Toxic Diseases 


Nutritional Deficiency 
Alcohol & Substance Abuse 
Parkinson’s Disease 
Degenerative Diseases 
Developmental Disorders 
Sleep Disorders 


NEUROMUSCULAR 
AND CHILD 


Neuropathies 

Myopathies 
Neuromuscular Junction 
Neonatal Neurology 

Birth Injuries & Anomalies 
Biochemical Abnormalities 
Childhood Degenerations 


Part II Courses 


March 4-9 — San Francisco 
March 7-9 — San Francisco 
June 7-9 — Minneapolis 
Oct. 25-27 — Washington 


The Part II Course is 
designed to prepare board 
candidates for their oral 
exam. The March 4-9 course 
will be for both written and 
oral exams. Lectures will be 
held during the day and mock 
oral exams each evening, 


The short courses will be 
mostly mock oral exams, each 
based on a presenting 
problem leading to questions 
on differential diagnosis, 
treatment options, and com- 
plications. After each exam 
the faculty will give a critique 
and answer questions. 


Each participant will have an 
exam and critique session 
and unlimited observation of 
other sessions. Additional 25 
minute sessions may be ar- 
ranged for $60 and private 
sessions (i.e. no one observ- 
ing) may be arranged for an 
additional $30. 


Limited Enrollment: NEUROLOGY BOARDS REVIEW REGISTRATION 











For: | ] Mar. 4-9, 1990 — San Francisco 
|_| June 7-9, 1990 — Minneapolis 
[] Oct. 25-27, 1990 — Washington 
[] Check enclosed for $ 


|] Please send more information. 


| 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The Pa 
course is mostly lectures and ever 
mock oral exams to help you prepare : 
your written and oral exams. The Part 
course is mostly mock oral exams for ti 
or three days before and usually in t 
same city as each oral exam. The cour 
hotel will be the best available combir 
tion of excellent study environment a 
bargain rates. We will inform participan 
as soon as the hotel contract is signe 
Please await instructions before purch: 
ing your travel tickets. 


"and those little extras...."* 


LOWEST AIR FARES: Please call toi 
free 1-800-548-8185 for special gror 
fares. 


"remarkably complete and pleasant"* 


PLACEMENT SERVICE: For a practic 
opportunity write or call 1-800-356-753"! 


"the most education for the money."* 


FEES AND HOURS: 
e Neurologists or Residents Nro. Res. | 











è Part I March 4-9 $690 $490 
e Part II (three days) $450 $300 
e Part II (two days) $300 $200 
e Repeating course within 3 years: half 


e Add 10% within 10 days of the course 

eè Attendees not in course hotel add $114 

e A deposit of $50 will reserve your positid 

e Home study materials will be mailed afte 
half of registration fee is received. 


"home study material was extremely help 


REFUNDS: Subject to a $50 fee, refund 
will be made until the seminar begins. 
e Cancellations after mailing home stu 
material requires retention of half the fes 


"I feel it helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 


Portrait 
| of the Great American Investor 
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competitive rates, like 
money market accounts. 
And they're free from 
state and local income tax. 
Bonds are easy to buy. 
You can purchase them 


She's never in one place 
for long. Wherever the 
story takes her, she'll go. 
She invests her time in 
her work and her money 
| in U.S. Savings Bonds. 
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Over 23 million Americans like her invest at most banks or though Payroll Savings 

in Savings Bonds. They are the Great at work. So, whether you are investing $25 

American Investors. People everywhere or $5000, buy U.S. Savings Bonds. The 

are discovering that Bonds have changed. Great American Investment. 

When held five years or more, Bonds pay& Find out more, call 1-800-US-BONDS. 
—, 
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U.S. SAVINGS BONDS 
THE GREAT AMERICAN INVESTMENT 


Bonds held less than five years earn a lower rate. A public service of this publication. 














MIDAS REX™ Institute 
2929 Race Street è Fort Worth, Texas 76111 
800-433-7639 © 817-831-2604 
NOVEMBER 1989 - APRIL 1990 


CONFERENCE OBJECTIVES 


I. Surgeons will explore current concepts ip boneworking through lec- 
tures, conferences, and clinical procedures on video. 


OR personnel will participate in the same activities. 


II. Surgeons will participate in hands-on workshops with advanced 
pneumatic instrumentation so their boneworking problems will be 
refined, expedited, and facilitated. 


OR personnel will participate in hands-on workshops as well as give 

' particul r attention to equipment care and maintenance, so that 
when O! personnel have completed the course, they will have im- 
proved competence in OR support. 


III. Surgeons who have completed the symposium should be able to ap- 
ply immediately their amplified skills in the operating room to do 


their bonework per se in the time delineated:+ 
CRANIUMT?: Osteoplastic tef 











CRANIOFACIAL, MAXILLO FAC 4L+: Frontal è Maxillectomy ° 
Zygomectomy Orbital « Suna ofo 7 Infra orbit e Mandibular resec- 

i Mandibular reduction ¢ Facial fractures ¢ 
Suture holes. 


rbital fossa dissection. 


SPINE?: 4-Placé lamine f = cervical fusion with 










osteophyte reihévalð bong -araf Lrolateral fusions « 
Posterior interbi ody (Psi on 0 sec. © Osteophyte 
removals, 30 s 1G ° E oe Lig: als sia igiten ‘nod transsi 
tion in sitis 2 h n. ° mM $= pos z antere ¢ Disc and nerve 
KEA o faai aki ag down fusions, 1-8 min. 
(ef, mate iý 
: Methylme aa ep — Ar - ise, shape e 
abrade in siti diss t in situ, transect in situ, shape. 






BIOMETAISTs (Superalloys, Tite n alloys, Stainless steels) Transect 
and taps i in OR, 1-6 min.; in situ, 16 min. 


t Procedural times refer to the actual time of running the instrument. 


Surgeons will be furnished sufficient materials and advice necessary for 
any special procedure they may envision. Plastic, Craniofacial, Max- 
illofacial and ENT pronimii will be explored according to the individual 

wishes of the surgeons. 


CONFERENCE HOURS: Most conferences begin at 7:00 a.m. and end 
at 1:00 p.m., allowing for other activities in the afternoon and evening. 


CREDITS: Each of these conferences qualifies for AMA-CME credit. 
FEE: Surgeon — US $965.00; Resident — US $585.00 (with letter from 
department head); All Operating Room Personnel (RN/CST/PA/Other) — 
US $250.00. Enroll by check and letter. All enrollments and fee payments 
are made through the Midas Rex Office in Fort Worth. 


For additional information, call or write. 


Join the more than 7,600 enrollees who have completed Midas Rex Hands-On Workshops. 
(3,800 Orthopaedic Surgeons; 1,600 Neurosurgeons; 2,250 OR Personnel) 


“MODERN DISSECTION TECHN IQUES 
OF BONE, BIOMETALS, BIOCERAMICS, 


AND BIOPLASTICS” 
(NEURO 700, ORP 700) 


NEUROSURGICAL 
SYMPOSIA/HANDS-ON WORKSHOP; 
ENT, Maxillofacial, Plastic and ORL Surgeons 

should attend conferences for Neurosurgeons. 


EXTENSION SITES 


PHOENIX, AZ, NOV. 6-7-8, 1989. Cosponsored by 
Barrow Neurological Institute/St. J oseph’s Hospital 
and Medical Center. (Immediately pre g the 2nd 
Annual Barrow Neurological Institute Spine 
Workshop.) 


PORTLAND. OR, NOV. 14-15-16, 1989, 


KEY WEST, FL, JAN. 17-18-19, 1990. Cospon- 
sored by Memorial Medical Center, Savannah, Geor- 
gia. 
STEAMBOAT SPRINGS, CO, FEB. 26-27-28, 
1990. Cosponsored by The Department of 
Neurosurgery University of Cincinnati Medical Cen- | 
ter, Mayfield Neurological Institute, The Christ and | 
Good Samaritan Hospitals. 


PARK CITY, UT, MARCH 14-15-16, 1990. 
Cosponsored by The Department of Neurosurgery 
University of Cincinnati Medical Center, Mayfield 
Neurological Institute, The Christ and Good Samaritan 
Hospitals. 


CLEARWATER BEACH, FL, APRIL 8-9-10, 
1990. ` 


NASHVILLE, TN, APRIL 26-27-28, 1990. (Imme- 
diately precedes the American Association of 
Neurological Surgeons meeting.) 


PERMANENT SITES 


Hands-on wePashope are held weekl Box: the. ne 
nent facility locations listed below. odules 
these courses see permanent facility Ea: x aih 
elsewhere in this journal, nor ya may telephone to re 
quest a complete calendar of hands-on workshops 


DALLAS/FORT WORTH, Home Office, 2929 
Race Street, Fort Worth, Texas. 


NEW YORK CITY, 115 East 61st Street, Lower 
Level. 





THE PALM BEACHES, 529 25th Street, West 
Palm Beach, Florida. 


CHICAGO, 728 West git a Road, Arlington 
Heights, Illinois. 


S E EI , 625 West Katella, | 
-= Unit 22, Orange, S| 


$ 


=Á 


